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THIS BOOKLET 





tells you about the 


new room-temperature-curing 


6.1. SILICONE RUBBERS 


‘Silcoset’ pastes are ideal for ‘Silcoset’ pastes are very easy to use and after a short time 


at 25°C they cure to resilient silicone rubbers for use from 
making flexible moulds -80°C to +250°C 


making silicone rubber parts ‘Silcoset’ rubbers have applications 
- , from archaeology to heavy engineering, 
potting and encapsulating , 
from electronics to confectionery, 
sealing and caulking from jewel-making to aeronautical engineering. 
impregnating woven fabrics They may be just what you have been waiting for. 


Write now for the illustrated brochure—‘Silcoset’ Silicone 


anti-sticking applications Rubbers - to your nearest I.C.I. Sales Office or to 





SILICONES IMPERIAL CHEMICAL INDUSTRIES LIMITED 
am LONDON S.W.1 
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PRINCIPLES OF SERVOMECHANISMS 


oy Tyers, A.M.Brit.I.R.E., and R. B. Miles, Grad.Brit- 


The authors have written this book as a working aid for 
development and maintenance engineers. The book covers 
the functioning, performance, incorporation and setting up of 
these components. The electrical circuits are discussed in 
detail and the great quality of the work is that no mathematical 
knowledge beyond that of elementary trigonometry is required. 
Price 25/— net. 


FACTORY ADMINISTRATION IN PRACTICE 


By W. J. Hiscox and James Stirling, A.M.Mech.E. 
Seventh Edition. 


Part | of this volume contains a very full and practical treatment 
of the administration of the production function of the light- 
engineering factory. The excellence of the work has led to 
its adoption as a class text-book for students of industrial 
organization in educational institutions throughout the country, 
and for several years it has been recommended to students 
preparing for the intermediate and final examinations of the 
Institute of Costs and Works Accountants by the Institute’s 
Council. 

Hiscox’s work is complemented in Part Il, a more comprehen- 
Sive treatment of the broader aspects of factory administration. 
Price 18/— net. 


A MANUAL OF TIME AND MOTION STUDY 


By J. W. Hendry, F.R.Econ.S., etc. 
Fifth Edition. 


This book makes a valuable contribution to the problem of 
how to raise the standard of efficiency in industry in two 
directions: first, by giving an incentive to workers to do their 

t; and, second, by avoidance of all preventable waste. The 
book should find a place on the shelves of all industrial 
Managers, Price 21/—- net. 


From all booksellers 
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PERSONNEL MANAGEMENT AND INDUSTRIAL 
RELATIONS 


By Dale Yoder, Ph.D. 

Fourth Edition. 

This book is designed primarily for those already engaged in the 
sphere of personnel management and industrial relations but 
readers with little or no experience will find it a help towards 
understanding the problems, opportunities and challenges in this 
expanding field. Price 60/— net. 


THE HEAT TREATMENT OF STEEL 


By Edwin Gregory, Ph.D., etc., and Eric N. Simons. 

New and up-to-date Second Edition. 

Covers every phase of the subject from principles to practice. It 
is very easy to read and explains what has to be done to different 
steels and why it is necessary. Recent developments are dealt 
with. Price 35,— net. 


STRENGTH OF MATERIALS FOR ENGINEERS 


By D. R. Axelrad, Dipl.iIng., etc. 

This book is intended to meet the requirements of students taking 
an Engineering Degree course at university level or preparing for 
the examinations of the professional institutions. There is a large 
number of worked examples and additional problems taken from 
the examination papers of the University of London and the 
Professional Bodies. A biliography is also included. Price 55 — net. 


ENCYCLOPEDIC DICTIONARY OF ELECTRONICS 
AND NUCLEAR ENGINEERING 


By Robert !. Sarbacher. 

The first anc only encyclopedic dictionary to include all terms, 
equipments, elements, components and systems. The outcome 
of twelve years meticulous research it forms a massive, inexhaustible 
compilation of the latest scientific information in these rapidly 
changing and expanding subjects. To anyone wishing to keep up 
to date in the fields of electronics and nuclear engineering this is 
an essential book. Price £8 net 


PITMAN Parker St., Kingsway, London, W.C.2 





366 Madison Avenue, New York 17, N.Y. 


£2 2s. Od. in the Sterling area, $7.50 in 


Printed in Gt. Britain by Williams Lea & Co. Ltd., 
Clifton House, Worship Street, London, E.C.2. 
and published monthly by the proprietors, 
ENGINEERS’ DiGest Lip., 120 Wigmore Street, 
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A new high-speed electrical stroboscope or 
sampling oscilloscope, developed by the Bell 
Telephone Laboratories, of New York, has an 
effective band width of the order of 5500 
megacycles and a rise time in the range of a 
fraction of a millimicrosecond. In this instru- 
ment, a gallium arsenide crystal is used as a 
gate which is opened briefly by pulses from a 
high-speed pulse generator to observe short 
samples of the signal pulse. The final signal, 
observed on a low-frequency oscilloscope display 


tube, is the result of integrating a large number of 


these samples, this integration taking place in a 
somewhat similar manner to the fusion of 
samples in the eye when watching an optical 
stroboscope. The instrument, which is purely 
a development model and which is not yet 
available commercially, is being used in studies 
of binary pulses in the range of 10° bits per 
second and has an overall sensitivity of 2 mV /cm. 
Tests indicate that rise times at least as short as 
1 10! sec can be displayed satisfactorily. 


According to an article in the German 
Journal A/uminium for May 1960, investigations 
have been carried out in Germany into the 
influence of temperature and electrolyte concen- 
tration on the growth of anodic films on alu- 
minium. It has been established that only 
slightly porous films are produced in electrolytes 
which have practically no solvent action, whereas 
highly porous films are developed in such 
electrolytes as sulphuric acid which are capable 
of dissolving the incipient films. Under condi- 
tions of equal temperature, films of varying pore 
size and electrical resistance can be obtained, 
both pore size and resistance depending on the 
concentration of the electrolyte. 


As reported briefly in Machine Design 
(April 28, 1960), a new moulding process makes 
it possible to produce pure nickel moulds, tools, 
dies, patterns, or almost any complex shape 
without any need for machining. In this new 
technique, which is designated the Budd 
carbonyl metal process, carbon dioxide serves as 
the “driver”, forcing nickel-carbonyl liquid to 
flow into a vaporizer and then, as a gas, into a 
depositing chamber, where pure nickel shells are 
formed. It is claimed that the new process not 
only saves time and costs, but has a number of 
important advantages. Thus, the finished 
carbonyl-nickel product has about five times the 
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Let the above tell you | 
about the Arthur Balfour 
range of products! 
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a Oo ea ae... IN THE 
™ WORLD OF 


ARTHUR 
BALFOUR 


To this industrial progress 
Arthur Balfour makes an 
essential contribution. 
Industrial firms all over the 
world specify ‘Capital’ High 
Speed Steel Twist Drills, 
Reamers, Cutters and 
Engineers Tools of all kinds. 
Durability and quality are 
\ twin products of a system 

which controls production 
from Melt to Finished 





- Product. That is why the 
World of Engineering 
a specifies Arthur Balfour for 
aN Engineers Tools. 
late 
) B® ee us at = ~ International Macnine Fool 

© STAND 504- EMPIRE HALL ae Exhibition ARTHUR BALFOUR & CO. LTD. 

June 25 - July 8 Nee’ OLYMPIA - LONDON CAPITAL STEEL WORKS 

\ SHEFFIELD, ENGLAND 
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resistance to sand abrasion as cast iron, and is 
also superior to aluminium, bronze, and chrome- 
vanadium steel in this respect. Furthermore, it 
has an extremely smooth surface and, in 
forming-die applications, will not “‘cold-weld” 
or otherwise score sheet metal during working, 
while its high thermal-shock properties (up to 
1600°F) permit rapid cooling or quenching. 


* * * 


Although electronic methods of measuring 
distances have been developed and have been 
applied to geodesy, they are not always success- 
ful when the highest degree of accuracy is 
required, one of the main disadvantages of 
purely electronic methods being that ground 
reflections affect the final results. In_ this 
connection, the Royal Institute of Technology, 
Stockholm, has been engaged since 1951 on a 
research programme of electro-optical methods of 
measuring distances and has recently described 
an instrument, designated the ““Terrameter’’, in 
which the phase of the electrical oscillation of a 
quartz crystal is compared with the phase of a 
photosignal from the reflected wave. Two 
different designs have been tested, in one of Tools from one sou . 
which the standard deviation over a distance of 
1 km does not exceed +11 mm. 


* * * 


Based on the use of photosensitive resins 
which polymerize on exposure to light, a number 
of photographic methods requiring no processing 
to produce an image are being investigated by 
an American company on behalf of the U.S. 
Air Force, not only to determine their suitability 
for aerial reconnaissance, but also with a view to 
their possible commercial utilization. As soon 
as polymerization of the photosensitive resin 
takes place, the photograph virtually develops 
itself and requires no further processing, so that, 
in effect, a system of “instant” photography is 
obtained. 

* * * 


It is reported in Sta/ for April 1960, that 
present methods employed in Russia for 
producing vanadium in rotary kilns have a 
number of shortcomings, including a low rate of 
metal recovery and operational troubles, mainly . 
owing to the complexity of the chemical ‘ Tr Offic 
reactions involved. It is now claimed, however, HALLMAC FOOLS LIM ANCHES 
that these difficulties have been overcome LONDON: Suite 418, Cayzer House, 2/4 St. May bord L: 
experimentally by means of a fluidized-bed London, E.C.3. Telephone AVEnue 5792. sin 
process for producing vanadium, in which finely 


: : : =i DT 
ground vanadium ore is fed into a shaft furnace SALES MANAGERS FOR 
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When you can get all your requirements—including “‘specials’—from one single source, 

you know you have a service which doubly commends itself; being both comprehensive and 
simple. This is why more and more buyers are cutting out unnecessary chasing, 

office routine and costs, by obtaining all their tools from Hallmac—they realise this is the 
ONE /00°%, efficient supply source for their tool needs. Hallmac’s immense and comprehensive 
stock of Engineer’s Small Tools, Macrome Treated Tools and Hand and Power Tools 

is backed by a distribution and service network that covers the whole country. 


You can benefit from the new efficiency this service brings. To prove this, may we send you 
the latest 44 page Hallmac Stock List, now recognised as the foremost of its kind ? 


MIT Office & De pot: P.O. Box No. 39, Macrome Road, Wolverhampton. Telephone 52001 (9 lines) 


. ANCHESTER: Transport House, | The Crescent, GLASGOW: Central Chambers, 11 Bothwell Street, C.2. 
* Bford, Lancs. Telephone Pendleton 3656. Telephone CENtral 5066. 


OR DTOOL DIVISION OF THE BREN MANUFACTURING COMPANY 


].W.Ad 4748 
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with additions of sodium sulphate or sodium 
chloride, this mixture being heated to between 
800° and 850°C approximately to form a 
fluidized bed, where calcination is completed in 
about 90 min. It is stated that the duration of 
this process is considerably shorter than with 
conventional methods, while the rate of metal 
recovery is from about 5 to 7% higher. In 
addition, the solid residue contains only an 
insignificant amount of vanadium pentoxide. 
* * * 


A brief note in Electronics (March 18, 1960) 
states that, following research by Electro- 
Optical Systems, of Pasadena, Cal., it now 
appears that new applications for exploding wires 
are feasible, including their use as high-intensity 
light sources for communications purposes and 
as propulsive devices for vehicles in outer space. 
In addition, their possible use in hypervelocity 
particle impact research and as a means of fusion 
in the generation of thermonuclear energy is 
envisaged. These applications are based on 
techniques which have been developed for 
switching extremely large amounts of current 
into thin wires in times of the order of a milli- 
microsecond. This rapid switching ability has 
evolved from work carried out in connection 
with the development of a 5-millimicrosecond 
Kerr-cell camera, and permits many times the 
vaporization energy of the material to be 
directed into the wire, creating temperatures 
above 100,000°C and pressures in the megabar 
range. Specific impulses of 1000 sec have been 
achieved in an exploding aluminium wire, and 
an impulse range of 1000 to 5000 sec appears 
possible. 

* * * 

Suitable for use in small refrigerators up to 
4 cu ft capacity, new thermoelectric cooling units 
using crystals of bismuth telluride are stated by 
the manufacturers, the Materials Electronic 
Products Corporation, of Trenton, N.J., to 
provide an efficient and extremely economical 
refrigeration system. In this respect, the bismuth 
telluride crystals, which can be produced in 
lengths up to 18 in., have a cooling efficiency of 
about 60% that of a comparable mechanical 
compressor unit, but this is largely offset by the 
fact that the cooling units incorporating them 
are of extremely simple design, basically 
comprising p-n couples in series and copper 
electrodes, with leads connected to a matrix, the 
thickness of which can be varied in accordance 
with the required load. 
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Factory 
Fire Protection 


In 1960 it is evident that the Government and, 
in fact, all responsible authorities, are intend- 
ing to take strong action to ensure the provision 
and maintenance of adequate fire protection 
in all business and factory premises—necessit- 
ating the installation of Fire Safety Equipment 
of an accepted and approved standard. This 
will undoubtedly affect all industrial concerns 
and we invite those who may be in doubt 
about their fire protection to consult us on 
their problems. Within the wide range of 
“PYRENE” Fire-fighting and Fire-detecting 
Equipment there are appliances to meet every 
present-day fire risk; therefore we are in a 
position to offer impartial advice. 

« sewer & 
Furthermore, we have for many years oper- 
ated a nation-wide Maintenance Service which 
provides regular inspection and_ certification 
of all fire extinguishers on subscribers’ pre- 


mises. 


Yet another “PYRENE” Fire Protection 
Service, widely adopted by both large and 
small organizations, is our Hire-Maintenance 
Plan that covers the installation of the correct 
numbers and type of fire extinguishers—and 
their maintenance thereafter in efficient condi- 


tion—for a moderate annual fee. 


rons 


FIRE 
PROTECTION 





Whatever your fire problems, 
be sure to consult us for free and impartial 


advice, entirely without obligation. 


THE PYRENE COMPANY LTD 
Dept. ED4 . 9 Grosvenor Gardens, London, 
S.W.t. Telephone: VICtoria 3401 


Head Office and Works: BRENTFORD, MIDDLESEX. 
Canadian Plant: TORONTO. Australian Plant; MELBOURNE. 
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WHERE YOU NEED 


POWER 


look GO A.E.C. DIESELS 








AV1100G _ The most 
powerful of the A.E.C. power 
units, this 6-cylinder 4 stroke 
diesel develops 275 b.h.p. at 
1900 r.p.m. and gives 
extremely high performance 
with low fuel consumption. 


° 


ONT _ AVIA 


“ 
Keeping one step ahead of today’s requirements, the 
A.E.C. range of diesel engines has all the features necessary 
for unfailing reliable and economical operation demanded 
by the exacting conditions of modern industry in the 
factory and in the field. Compact in design, easily 
accessible, with a high torque and low fuel consumption, 
A.E.C. industrial diesels are the complete answer 

to the need of every type of power user. 

Power range: 50 b.h.p. to 275 b.h.p. (360 b.h.p. 
turbo-charged), horizontal 

or vertical. 










AV312 A 4-cylinder diesel produced to 
meet the demand for a compact 75 b.h.p. 
unit. Of mono-block construction the 
AV312 follows the general design of the 
well established A.E.C. 6-cylinder units, 
and employs the majority of working parts 
of the larger A.E.C. engines. 





A.E.C. LTD - DIESEL ENGINE DIVISION +» SOUTHALL -: MIDDX. 
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BUSINESS NOTES 


It is announced that British Ropes Limited have 
completed negotiations with the new Zealand Govern- 
ment to set up a factory in Auckland to supply the major 
part of the domestic needs of New Zealand for wire ropes. 


* * * 


Brayshaw Tools Limited announce that their new 
London address is 232 Bishopsgate, London. E.C.2. 
(Tel: BIShopsgate 3575/6.) 


* * * 


Following negotiations for the acquisition of new 
premises for the company and its subsidiaries, Specialloid 
Limited are now occupying the front portion of Airedale 
Works, 160 Hunslet Road, Leeds 10. Covering an area 
of just over five acres, these works will allow for con- 
tinued expansion of production and sales activities, and 
a considerable portion is already equipped with plant 
which is in full production. The telephone number 
(Leeds 31471) and the Telex number (55-108) of the new 
address remain unaltered. 


* * * 


The Plessey Co. Ltd., of Ilford, Essex, announce that, 
following a licence agreement with Précision Mécanique 
Labinal, of Paris, they are now commencing manufacture 
of a range of aircraft constant-speed alternators embody- 
ing the ‘“‘Labamatic” principle of constant-frequency 
control, which is based on an electromagnetic coupling 
incorporated in the drive to the alternator shaft. At the 
moment, these machines have been developed for the 
power range between 4 and 19 kVA, but units of up to 
35 kVA are currently being investigated. The 4-kVA 
unit, which has been operating successfully for some 
years in French fighter aircraft, is designed to function at 
altitudes up to 55,000 ft with forced-draught cooling and 
will withstand accelerations up to 15 g in all directions 


* * * 


British Insulated Callender’s Cables Limited announce 
the formation of a new company, Telcon Metals Limited. 
This company, centred at Crawley, assumes responsi- 
bility for all the activities of the Metals Division of The 
Telegraph Construction and Maintenance Co. Ltd., 
including the manufacture of Telcon magnetic materials 
and other special alloys used in the electrical and engineer- 
ing industries, and also the advanced metallurgical 
operations associated with them. 

* * * 


Developed in the U.S.A. by Aldridge Industrial Oils, 
Inc., quenching oils containing ‘“‘Quenzine’’, which is a 
formulation of wetting oils and other ingredients, are 
now being made and marketed in the U.K. by the 
Electric Resistance Furnace Co. Ltd., of Weybridge, 


Surrey. 
* * * 


The Davy and United Engineering Company Limited 
announce that they have formed a Steel Processes Division 
to absorb the personnel and to carry on the work 
previously undertaken by Davy British Oxygen Limited, 
who were established jointly by Davy-United and 
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OLYMPIA 
LONDON 
June 25—July 8 ‘ey 


( Sundays excepted) X 
] 





9.30 am—6 pm 


Make sure you visit the greatest engineering event 
of the year—The International Machine Tool 
Exhibition . . . No-one concerned with quantity 
production—whether in technical, administrative or 
operative capacity—can afford to miss this vast and 
truly comprehensive show at Olympia, London. 
It summarizes the best of contemporary production 


techniques ; it shows the shape of things to come! 


Machine Tools 

Engineers’ Small Tools 

Gauges and Measuring Equipment 
Testing Equipment 

Electronic Contro! Gear 

Presses and Power Hammers 
Woodworking Machinery 

Heat Treatment Plant 


Here’s your opportunity to see them all under a 
single roof—to see many of them powered and in 
operation—to discuss their application to your 
own production problems with the world’s 


best-informed production experts. 


International 
Machine Tool 


Exhibition 1960 


Organized by The Machine Tool Trades Association 
Brettenham House, Lancaster Place, London WC 
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tare living in an age where things are moving faster. 
ay, there is a greatly increased tempo in technology, 
growing complexity of design and a multiplication 
parts. 

takdowns become more costly and more likely unless 
try component part is designed to stand up to the job. 
brako Socket Screws cost less, far less, than trouble. 
¢ steel from which they are made comes from the 
brako Steel Division. No ordinary steel either. Clean 
free from inclusions, it is produced to our own 
cting formula and supervised at all stages of manu- 
Kure by skilled metallurgists. They aim at one standard 
'y—a steel fit to be made into the world’s finest screws. 
kiting, cogging and drawing, plus every inspection, 


NBRAKO 





You cannot get better 


screws than Unbrako 


because no better screws 





check and test that will produce flawless material, is also 
carried out in our own steel works by highly trained 


technicians and chemists. 


And finally the screws themselves. These are produced 
in our modern plant at Coventry where the wire is con- 
verted by cold forging to the famous Unbrako Socket 
Screw. Inspection, analysis and quality control checks 
carried out during the entire process of. manufacture 


ensure that every Unbrako 
Screw has the performance 
that spells reliability. You 
cannot buy a better screw 
-specify Unbrako—-always. 
Write for free samples. 


SOCKET SCREW COMPANY LIMITED 
Unbrako Schrauben G.m.b.H. Diisseldorf 








CD 











UNBRAKO SCREWS COST LESS THAN TROUBLE 
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BUSINESS NOTES 


British Oxygen over three years ago to investigate the 
various kinds of pneumatic steelmaking processes and to 
carry out the basic engineering studies necessary for the 
design of complete oxygen-steelmaking plant. The new 
Steel Processes Division is at Suffolk House, Suffolk 
Road, Sheffield 2, and is staffed and equipped to provide 
metallurgical, technical, and economic surveys in 
connection with any projected steelmaking development, 
to design services for oxy-steel equipment, and to 
engineer and supply oxygen-steelmaking plant, up to 
complete melting shops. 
* * * 


To satisfy more fully the requirements of the agri- 
cultural-machinery industry, the experience of two 
leading companies in their field, i.e., Hardy Spicer Limited 
in England, and Jean Walterscheid KG in Germany, 
has been co-ordinated by the formation of a technical 
sales organization to be known as Hardy Spicer-Walter- 
scheid Limited. The new company, whose address is 
Chester Road, Erdington, Birmingham 24 (Tel: Erding- 
ton 2191) will be responsible for marketing in the U.K.., 
the Commonwealth countries, and certain other overseas 
territories the range of agricultural products, including 
drive-shafts and universal joints for all types of agri- 
cultural machines driven by power take-offs, produced 
by the two companies. 

a * * 


A new company in Africa is announced by Leyland 
Motors Ltd. to cover Kenya, Uganda, and Tanganyika, 
where some 2000 Leyland Group vehicles are already in 
operation. The new company, which will also handle sales 
and service in Somalia and which will shortly appoint a 
concessionaire in Mogadiscio, will trade until the title of 
Leyland Albion (East Africa) Ltd., with head office and 
works in Nairobi. Directors of the company are Sir 
Henry Spurrier and Mr. J. L. Blackwood Murray, 
Leyland’s resident director in Southern Africa. 


* * * 


The Industrial Fan & Heater Co. Ltd., one of the 
members of the Simms Group of companies, have moved 
their London headquarters from Barnet to Remax 
House, Alfred Place, London, W.C.1 (Tel: LANgham 
9561). 


* * * 


A subsidiary company in India, to be known as Atlas 
Copco India (Private) Ltd. is to be established by Atlas 
Copco AB at Poona, about 120 miles east of Bombay. 
The new factory, which is scheduled for completion by 
the end of 1960, will produce air compressors and 
pneumatic rock drills. The chairman of the board will be 
Mr. Akbar Hydari. 


* * * 


An agreement has been concluded between Ferranti 
Ltd., of Hollinwood, Lancs., and the Bendix Aviation 
Corporation, one of the leading American manufacturers 
of machine-tool control systems, for the sale in the 
U.S.A. of the new Ferranti systems of machine-tool 
control developed in Edinburgh. 
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yet so safe! 


All process liquid confined 
to. metal housing, _ floating 
magnet, and_ hollow — iro 
indicator ball: these are th 
elements of the — Ekstron 
Liquid Level Indicator, essen 
tial for the SAFE level ind: 
cation of corrosive or toxk 
liquids or liquefied — gase 
under pressure. A _ branch 
tube from the storage ves 
carries a magnetic float. A 


‘eparate glass indicator tub 
carries an_ indicator _ bal 
Adjustable electric or pneu 


matic alarm — switches at 


available. 


This illustration shows a typi 
cal installation. — An Ekstrom 
Level Gauge fitted to a tan 
containing liquid butane at th 
Luton works of Vauxhall Moto! 
Ltd. 


RAOTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 


ROTAMETER MANUFACTURING CO. LIMITED 
PURLEY WAY, CROYDON, SURREY Tel: CROydon 381 
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OIL RECLAIMERS 
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Birfield Hilco Oil Reclaimers are 
new to this country. In effect 





they are miniature oil refineries 





which remove contaminants as 


SRE 


=a 


quickly as they are formed. 


SS 


Consequently, oil changes are kept 
to an absolute minimum. Birfield 








Hilco Oil Reclaimers are available 
for single or multiple engine 
installations of any horsepower. 








They are self-contained, 
compact, easy and quick to 








service. SUITABLE FOR TRANSFORMERS, 
VACUUM PUMPS, AND STEAM TURBINES. 


Manufactured by 


INTERMIT LIMITED 
U1! 


MEMBER OF THE BIRFIELD GROUP 


BRADFORD STREET - BIRMINGHAM 5 + ENGLAND +- PHONE: MIDLAND 7961 


JUNE, 1960 Volume 21, No. 6 13 








CONTRACTS 


Gresham Transformers, Ltd., of Twickenham Road, 
Hanworth, Middlesex, have just built what is believed to 
be the world’s largest electromagnetic control system or 
transductor. This equipment, which weighs over 20 tons, 
will be used in conjunction with germanium rectifiers 
manufactured by the Westinghouse Brake & Signal 
Company, Limited, to control an output current of 
12,000 A, and is intended for research work in Holland. 
The value of the order is £17,500. 


* * * 


An order worth over £300,000 for high-voltage 
testing equipment has been placed with Ferranti Ltd., of 
Hollinwood, Lancs., by the U.S.S.R. The equipment, 
which will be used in testing high-voltage cables, includes 
two d.c. testing units, one giving an output of 2,000,000 V; 
Six a.c. testing units, including one with a rating of 
3000 kVA at 1,500,000 V, and another with a rating of 
4500 kVA at 750,000 V; and one 3,600,000-V impulse 
generator. This is the largest contract for high-voltage 
testing equipment of this type ever placed with a British 
manufacturer. 

* * ok 

The Plessey Company Limited, of Ilford, Essex, have 
received a contract valued at £700,000 for the supply of 
aircraft generation systems for the Vickers VC.10 jet 
airliner. The first 35 of these aircraft have been ordered 
by B.O.A.C., and delivery will start in 1963. This 
contract follows a new licensing agreement now con- 
cluded between Plessey and the Westinghouse Corpora- 
tion, U.S.A., allowing Plessey to produce and market 
throughout the world—apart from U.S. territories and 
Canada—these Westinghouse systems. 


* * * 


Film Cooling Towers (1925) Limited, have been 
informed by the Central Electricity Generating Board 
that they have been awarded a contract, valued at about 
£600,000, for three 4,800,000-gph natural-draught 
cooling towers to be erected at Thorpe Marsh Power 
Station, near Doncaster. Each tower will be 350 ft high. 


* * * 


Rose, Downs and Thompson Limited of Old Foundry, 
Hull, a member of the Power-Gas Group, have received 
two contracts valued at nearly £200,000 for complete 
vegetable-oil mills, both of which incorporate refining 
and deodorizing equipment. The first mill is to be 
erected in West Africa and will incorporate four Rose- 
downs “long-cage’”’ D-type ‘‘Maxoil-Duplex” high- 
pressure expellers and one “L.C.”’ pre-pressing expeller 
The second mill, destined for the West Indies, wii 
process 40 tons of oilseed per day in two “‘long-cage” 
D-type expellers. 

In addition, the company has received a contract 
valued at approximately £160,000 from Kenya for a 
complete plant to recover crude pyrethrin extract from 
pyrethrum flower heads. This installation is the second 
which the company has supplied to their client at Nakuru 
incorporating a Rosedowns/Merz rotary continuous 
solvent-extraction unit. 
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COME TO GRIPS 
WITH BELT DRIVE 
PROBLEMS 


NYLON-CORE FLEXIBLE BEL! 





TRANSMITS POWER WITHOUT SLIP 


The Miraclo belt represents the 
last word in modern belt trans- 


mission. Chrome leather bonded 
to nylon gives extraordinary 
flexibility, enormous grip and 


strength. Yet it’s elastic, light in 
weight and has virtually no per- 
manent stretch. The Miraclo belt 
is truly unique, and we would 
welcome the opportunity of prov- 
ing this to you. 


Stephens Belt Drive Computor 


FREE to Engineers and 
Designers. 





Requests should be made on 
business note headings. 


| 


Peal * raci 
iracio 
STEPHENS BELTING COMPANY LID. 


Snow Hill, BIRMINGHAM, 4 
Northern Area: Ira Stephens, Ashton-under-Lyne 
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The skill! needed to send a fly skimming 
through the air and land just in the right 
place is only acquired with experience and 
practice. The art of making good 

castings is equally a matter of skill 

and precision. We are specialists 

in the manufacture of manganese 

and aluminium bronze castings. 





We manufacture and stock large 
Quantities of Chill Cast Solid and 
Cored Bars, supplied in 2’ lengths 
or cut to customers’ require= 
ments—no order too small to 
merit our attention 
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PERSONAL 


It is announced by the Sperry Gyroscope Company 
Limited, of Brentford, Middlesex, that Mr. R. I. T. 
Falkner has joined the company as general sales manager 
of the Brentford Division, with special responsibility for 
marine and aircraft equipment. Mr. Falkner assumes the 
divisional responsibilities previously held by Mr. R. E. 
Leete, who now moves to the central organization, 
reporting directly to the managing director. 

* * * 


Mr. C. F. Watts has been appointed a director of 
Wickman Limited, of Tile Hill, Coventry. 


* * * 


Mr. F. M. Ryan, a director of the Norton Grinding 
Wheel Co. Ltd., of Welwyn Garden City, Herts., and 
vice-president and general manager of Norton Inter- 
national Inc., has retired after more than 46 years’ service 
with the company. 

* * * 


British Resin Products Limited, of London, W.1, a 
member of the Distillers Plastics Group, announce that 
Mr. G. F. Prescott has been appointed a director of the 
company. 


* * * 


It is announced by British Insulated Callender’s 
Cables Ltd. that Mr. J. A. Rodgers, formerly assistant 
sales manager (mining) has been appointed divisional 
sales manager (accessories). 


* * * 


Mr. I. A. Bailey has been appointed deputy chairman 
of the Mond Nickel Company Limited and of Henry 
Wiggin & Company Limited, while Mr. E. Vaughan has 
been appointed a director of both companies. 


* * * 


George Kent Limited of Luton, Beds., announce the 
appointment to the board of directors of Mr. J. F. 
Willsher, general works manager. 


* * » 


Dr. R. L. P. Berry, beryllium project manager since 
1958, has been appointed to the board of the Metals 
Division of Imperial Chemical Industries Ltd. Dr. 
Berry has also been appointed to the delegate boards of 
two I.C.I. subsidiary companies, i.e., Marston Excelsior 
Ltd. and Lightning Fasteners Ltd. 


* * * 
It is announced that Mr. J. W. Ringrose has been 
appointed chief applications engineer of Semiconductors 


Limited, and will take charge of the company’s applica- 
tions laboratory. 


* * * 


Mr. C. Dannatt, O.B.E.,M.C., D.Sc., I.E.E., has been 
appointed vice-chairman of Associated Electrical Indus- 
tries Ltd., with the special responsibility of co-ordinating 
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E.D.C.C. machines and control gear are available 
to meet most requirements. Standard units for 
straightforward applications and ‘tailor made’ 
specials for the most diverse uses. 





Recently supplied to the Welsh 
College of Advanced Technology, 
Cardiff —a multiple motor 
generator set, comprising 

4 machines and two control desks. 
The machine unit comprises :— 


é 


@ 7 h.p. D.C. variable speed motor, arranged as dynamometer, 
complete with Tacho-generator 
@ 4 kVA alternator 


@ 4 kVA alternator with rotatable stator @ The complete unit can be split into two 
@ 7 h.p. synchronous motor (left to right) arranged as motor-alternator sets 
dynamometer 


ELECTRO:|#-DYNAMIC 


CONSTRUCTION COMPANY LIMITED 


ST MARY CRAY KENT PHONE: ORPINGTON 27551 GRAMS: ELEDAMIC ST MARY CRAY 
CONTROL GEAR DIVISION: BRIDGWATER SOMERSET TEL BRIDGWATER 2882 GLASGOW OFFICE. 40 HOULDSWORTH ST C3 TEL: CENTRAL 2620 
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PERSONAL 


both commercial and technical policy. Dr. Dannatt, 
who is at present a director of A.E.I. and managing 
director of Associated Electrical Industries (Manchester) 
Limited, will be succeeded at Manchester by Mr. H. West, 
Assoc. M.C.T., Hon. M.Sc. (Manchester), M.I.Mech.E 
M.I.E.E., Member A.M.E.M.E. 


* * * 


Sir John Evetts, having relinquished his directorship 
of Rotol Limited, has now been appointed to the board 
of Dowty Fuel Systems Limited. 


* * * 


Mr. C. H. Offord, general manager of the Newhouse 
(Lanarkshire) factory of Honeywell Controls Limited, 
has been made a director of the company. 


* * * 


Mr. V. W. Press has resigned his position as sales 
director of Lancashire Dynamo Nevelin Ltd., of Oxted, 
Surrey, to take up a similar appointment with the Limit 
Engineering Group, where he will be responsible for 
implementing the sales-expansion programme following 
the acquisition of an additional factory at St. Albans. 
Mr. Press will operate from the Group’s main office at 


Islington. 
* * * 


Cochran & Co., Annan, Limited, of Annan, Dumfries, 
announce the appointment of Mr. A. D. C. Gunn, 
B.Sc.(Eng.), M.Sc., F. Inst. F., as technical director. 


* * * 


Short Brothers & Harland Limited announce the 
appointment of Mr. E. G. Collinson, B.Sc., A.F.R.Ae.S., 
as chief mechanical engineer to the company’s Aircraft 
Division. Mr. Collinson will be concerned with 
mechanical and system problems in connection with 
aircraft, concentrating initially on the SC.5 “‘Britannic’, 
freighter, which Shorts are producing for R.A.F. 
Transport Command. 


* * * 


It is announced by Birfield Limited that Mr. M. S. 
Crosthwaite has relinquished his appointment as manag- 
ing director of Hardy Spicer Ltd. and becomes this 
company’s technical director, with the additional 
responsibility of advising the Birfield Group on the 
design and development of transmission equipment. 
Mr. K. W. Evans, formerly managing director of Forgings 
& Presswork Ltd., becomes managing director of Hardy 
Spicer Ltd., but remains on the board of Forgings & 
Presswork Ltd. as deputy chairman. Mr. R. K. Johnson, 
a director of Forgings & Presswork Ltd., becomes director 
and general manager of the company. 


* * * 


Mr. E. Greenwood, general manager of Modern 
Machine Tools Ltd. and of Precision Machinery Services 
Ltd., of Coventry, has been elected to the board of 
directors of both companies, of which Mr. P. E. Verrall 
is managing director. 
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PARK LANE, FALLINGS PARK, WOLVERHAMPTON 


TELEPHONE: WOLVERHA 
London Office: 22, Headfort Place, S.W.1 


THE ENGINEERS’ DIGES! 


MPTON 31295 


Telephone: BELgravia 614% y 





NVeldmes 


THE 
London, 
bulaway 


—_— 


JUN 










! 


! 


| 


L 
5 


UND 
0S,) 


st- 


“a 
\Z 


small 


r—or 


your 


TON 


ia 6146 


GEST 





here is a man holding the answer 
to his racking problems 


Weldmesh 


Regd. Trade Mark 


Cut it to the shape you want— 
it holds together because it is welded together 


Veldmesh is a registered trade mark and is supplied direct to users by the sole manufacturers: 


THE B.R.C. ENGINEERING COMPANY, STAFFORD 


london, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 


lulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.| 
ae M-W. 980 
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Extensions to the Barry Plant of Midland Silicones 


It is now more than six years since full-scale produc- 
tion amounting to 600 tons per year of basic silicone 
polymer was initiated at the Barry plant of Midland 
Silicones Ltd. Since then, silicone products have found 
such ever-increasing fields of application, and develop- 
ments in these fields have been so rapid that it has been 
found necessary to make constant additions to the plant, 
including a new unit for the manufacture of methyl 
chlorosilane, one of the primary ingredients of these 
silicones. Working all the year round on a 24-hr day 
basis, the plant now turns out some six-dozen different 
silicone-rubber products, whereas the former plant 
handled only about one dozen different products three 
years ago. Indeed, many of the products currently 
made were developed at Barry to meet the individual 
requirements of various industries. 

A major development programme was launched two 
years ago with a view to doubling the output of silicone 
rubbers and fluids, including the construction of a new 
silicone-rubber plant, which is claimed to be the most 
modern of its kind in Europe. In addition,a new pilot 
plant has recently been completed at a total cost of 
£250,000, this unit housing the process-development 
group concerned with the introduction of new types of 
chlorosilane materials and with increasing the efficiency 
of current processes. Also, a new laboratory has been 
built and equipped for carrying out fundamental research 
and practical experiments on finished silicone products. 

At the moment, three further projects are in hand, 
i.e., the building of a new warehouse, the construction 
of a new fluid-production unit, and the installation of 
additional resin-manufacturing capacity. 


The World’s Largest Goliath Crane 


Providing an interesting and sometimes startling 
record of a notable and wholly successful feat of modern 
mechanical engineering on the grand scale, the new 
technical film “Goliath”, sponsored by Babcock & 
Wilcox Ltd., of London, N.W.1, covers the design, 
constructional principles, and installation of the world’s 
largest Goliath crane, erected at the Hinkley Point 
nuclear power station for lifting and positioning loads 
up to 400 tons. This gigantic structure is 250 ft in height, 
has a span of 250 ft, and can travel its load over a distance 
of nearly a quarter of a mile. 

The unique principles of the crane’s design and 
construction are clearly described by means of a model 
and animated diagrams, together with the use of a scale 
working model to investigate the major problems of 
erecting so large a structure on site—a task which 
includes the lifting into position of the 640-ton main 
beam of the crane, using its own hoist mechanisms. 

The film concludes with a lift that approaches the full 
capacity of the crane, involving one of the steam-raising 
units, 90 ft in height and 214 ft in diameter, which is 
lifted from the fabrication area, travels nearly 450 yards, 
and then is accurately placed on its plinth—an operation 
which is to be repeated as routine for all the twelve 
Babcock steam-raising units with which this 500-MW 
power Station is equipped. 

This sound-film, which is 


in full colour and is 
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Anew Grommet development 





THE DOUBLE SEALING 
EMPIRE RUBBER GROMMET 
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/ This newly developed self-conforming grommet, in a variety of sizes and be weather-, water- and 
because it is immediately self-locking against the _ dust-proof at a variety of angles to the cable or rod. 
elements, is the solution to many of an engineer’s 

sealing problems. Because of its capacity to conform to many varying 
Any one size will not only accommodate itself to | requirements, it enables a workshop stock range 
a variety of mounting plate thicknesses, but of grommets to be reduced to perhaps one tenth of 
(designed for cable or control rod) will take these that at present maintained. 















THE NEW BLIND GROMMET THE NEW DESIGNED GROMMET 


SECOND SEAL 
















FIRST SEAL 
FREE FITTE D 

Note how when sprung into position the grommet In the cable grommet variety the same double pres- 
provides a perfect double seal by its own permanent _ sure seal is created, allied to tight seal on various 
pressures. The angled groove also creates a tight diameters of cable. This new grommet gives sound 
pressure hold on the metal plate. sealing at all vital points. 















In the conventional grdmmet, 
only one thickness of plate and 
only one size of cable can be 
accommodated. No effective seal 
is afforded by the 
parallel groove. 





A useful feature of this cable grommet is that by reason of the designed taper 
of the cable entry and the flexibility of the web, a considerable angle of cable 
entry and a variety of cable size are possible. This avoids necessity for special 
grommets with angled bores. 





















Now being produced in a range of sizes ENQUIRE 
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obtainable in 16- and 35-mm versions, is available on free 
loan to colleges, engineering bodies, associations, and 
other organizations, on application to the London head 
office of the company at 209 Euston Road, London, 
N.W.1, or to any of the branch offices of the company. 


Conference on Heat-Treatment Practice 


A conference on heat-treatment practice, organized 
by the British Iron and Steel Research Association, will 
be held at Harrogate on July 5 and 6, 1960. The main 
aspect of the subject to be considered will be carburizing, 
with various papers covering the theory and practice of 
carburizing and the properties of carburized steels. 

Full organizational details and registration forms 
can be obtained on application to the Technical Secretary, 
Metallurgy (General) Division, BISRA, 11 Park Lane, 
London W.1. 


The Institute of Physics and the Physical Society 


The incorporation of a new body on May 17, under 
the name of “The Institute of Physics and The Physical 
Society” marks the fulfilment of the desire expressed by 
the overwhelming majority of the members of the 
Institute and Society to implement the scheme for 
amalgamation prepared by a Joint Committee. The 
originating bodies will shortly be formally wound up, 
and their assets handed over to the new body. 

The first President of the amalgamated body is Sir 
John Cockcroft, and the four Vice-Presidents are 
Dr. J. Topping, Dr. W. H. Taylor, Professor R. W. 
Ditchburn, and Mr. A. J. Philpot, each responsible to the 
Council for a defined area of the many activities to be 
taken over by the new organization from its predecessors. 
The Presidents of the predecessors (Sir George Thomson 
and Mr. J. A. Ratcliffe) are also members of the new 
Council. The other Officers are Dr. J. Taylor (Honorary 
Treasurer) and Dr. C. G. Wynne (Honorary Secretary). 

The qualification for the award of Fellow of The 
Institute of Physics, Associate of The Institute of Physics, 
and Graduate of The Institute of Physics will remain 
unchanged, and members of the new body holding these 
diplomas will also be Fellows of The Physical Society. 
All Fellows of the old Society will be automatically 
transferred to this new grade, but new candidates for 
election to the grade will be required to possess a degree 
or diploma in physics recognized by the Council, or to 
satisfy the Council that they have a sufficient knowledge 
of physics. 

Provision has been made for other scientists and 
engineers to participate in the scientific and educational 
work of the new body. Activities relating to the practice 
of the profession as such will be strictly confined to those 
possessing one of the Institute’s diplomas. 

The Executive Officers of the new body are Dr. H. R. 
Lang (secretary), Dr. A. C. Strickland (editor and deputy 
secretary), and Mr. N. Clarke (deputy secretary). The 
registered offices and headquarters are at 47 Belgrave 
Square, London, S.W.1, and, for the present, offices will 
also be retained at | Lowther Gardens, South Kensing- 
ton, London, S.W.7. 
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CABINET STYLE 
DISTRIBUTION BOARDS 


Widespread acceptance 
of surface mounting 
Fluvent Cabinet Style 
Boards has resulted in 
the production of 
Switches of similar 
exterior, intended 
principally for use as 
control switches mounted 
in conjunction with the 
boards. Both boards and 
switches have pressed 
steel cabinets which are 
cadmium plated and 
painted to give a grey 
metallic hammer finish. 


reinforced by the 
production of boards for 
recessed mounting, 
illustrated left. They ar 


body of the board to be 
sunk into a wall cavity0 
appropriate depth; the 


are then made up to the 


provided. 


ENERGY 
LIMITING FUSES 


Fluvent Cabinet Style 
Distribution Boards are fitted 
with Aeroflex Energy Limiting 

High Breaking Capacity 
Rewireable Cartridge Fuses to 
BS.88-1952 Cat. 440 AC5 
Class P. Standard fully wired 
cartridge fuse links are 
included unless otherwise 
specified, when appropriate 
underwirings can be fitted. 


Parmiter Hope & Sugden Limited 
MANCHESTER, 12. 
London: 34 VICTORIA STREET, S.W.1. 
Glasgow: 5 SOMERSET PLACE, C.3. 
Birmingham: 39/41 CARRS LANE, 4. 
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SERCK Combined Radiator 
and lubricating oil cooler 
for oil well drilling sets. 
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nd QUALITY TEGHNIGAL TUBES for THE OIL INDUSTRY 


SERGKALBRA (Aluminium Brass) 
SERCKGUNIK (copper Nickel) 
ADMIRALTY BRASS 
ALUMINIUM BRONZE 
70/30 BRASS 


Evaporator for refinery by 
Procon (Great Britain) Ltd. 

being tubed with SERCKALBRA 
Photo by courtesy of 

Richardson, Westgarth & Co. Ltd. 


SERCK RADIATORS LIMITED-SERCK TUBES LIMITED 


Warwick Road Birmingham II England 
MEMBERS OF THE SERCK GROUP 








1. 





—— 
dm PHI? 





GESTIJUNE, 1960 Volume 21, No.6 = 


LETTERS TO THE EDITOR 


PUUUURUU TEND UTEOUU ERE OUUROOUEROUUEOUUUEOOU TORO UEOOO EERO OREO DEROOUEOO OOOO 
Dear Sir, 


THE ECONOMIC PRODUCTION OF HIGH- 


PRECISION STEEL BALLS 


In your issue of December 1959, you summarize an 
article by H. Grdébner with the above title. I have not 
had the privilege of studying the original, but it is clear 
that, in your digest, there is some misconception about 
the motion of the balls during the grinding process, 
particularly in connection with your Fig. 4 and the 
associated text. 

It will be seen from Fig. la below that, if the top plate 
H is rotated about the axis ¥—X, a turning moment is 
applied to the ball, causing it to be propelled along the 
groove. The ball will not slide at its points of contact if 
it is free to roll, and with this arrangement it is free to roll 
at A, B, and C, rotating about the moving axis O-G 
(where O is the intersection on the X¥-X axis of BA 
produced). As the ball rolls, the points of contact 
A, B, and C may be traced around the ball, as indicated 
by dotted lines in the figure. 


~—_— R—— 
| 
| | 
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Fig. 1 


The rotation of the ball may be represented vectori- 
ally as O’G, having a horizontal component O’E and 
a vertical component O’F. The component O’E is a 
function of the groove radius R, while the O’F com- 
ponent is a rotation of one revolution for each circuit 
described by the ball about the principal axis. This is 
clear from simple geometrical concepts and means that 
the ball always presents the same side to the centre of 
rotation, i.e., there is no rotation with respect to the 
contacts A and B, as has been implied. 

It appears that the only remaining force to induce 
rotation is the gyroscopic couple acting about the axis 
O’Z. as indicated in the side view in Fig. Ib. In this 
connection, it can be shown that the gyroscopic torque T 
can be expressed as 


= (WG 
siiaes iSg l+sin a 


where p is density, g is gravitational acceleration, R is the 
groove radius, r is the ball radius, 2a is the groove angle, 
and wy is the angular velocity of the top plate H. 

If reasonable values of a@ and (R’/r) are taken, it will 
be seen that the value of torque 7 at the normal speeds 
employed is very small and, in fact, can be considered 
negligible. 

The only point at which appreciable sliding takes 
place is at the point of contact between adjacent balls, 
where the surfaces are moving in opposite directions 
(Fig. 1b). Most abrasion will occur at this point, the 


sin @ 





) on? ‘aos 
+ sin J 
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trace of which around the ball is indicated with a soli 
line in Fig. la. 

From this it will be clear that, to rotate the bal 
indefinitely in this arrangement will not produce , 
sphere. Your Fig. 5, in fact, shows the key to the proces, 
namely, the recirculating mechanism, which provide 
for random re-entry of the ball after each circuit in the 
groove. This explains why the Vee-groove systems which 
neglect the re-orientating conveyor, as is sometimes done 
for small batches, are noted for inconsistency, since the 
essential reorientation has now to be provided by 
irregularities, vibration, backlash, etc., although to some 
extent assisted by the gyroscopic couple. It also explains 
why the process becomes noticeably slower when the 
grooves are not completely filled with balls. 

P. H. Cross 
Services Electronics Research Laboratory Extension, 
(Admiralty), 
West Road, Temple Fields, 
Harlow, Essex. 





TRANSLATORS WANTED 
Engineering and science graduates with a 
practical knowledge of Russian and/or other 
East European languages are invited to apply 
to the Editor of The Engineers’ Digest for part- 
time translating and abstracting of technical | 
articles. As correct English terminology is I 
essential, applicants should include details of 
their specialized fields of knowledge. 











RENOLD Sprag Clutches 





transmit more torque for size and 
weight than any other clutch 


for “OVER-RUNNING— 


illustrated by this application coupling an auxiliary 
geared motor with the driving motor of a printing 
machine for starting, inching and slow speed oper- 
ation. The clutch over-runs continuously when the 
main motor is driving. 


*in one phase of a mechanica! cycle the clutch 
transmits torque; in the other phase of the cycle 
the driving member comes to rest, or reduces speed, 
while the driven member continues to rotate. 


RENOLD CHAINS LIMITED 
(SPRAG CLUTCH UNIT) 
50, CATHEDRAL ROAD 

CARDIFF 


PAA 


oe 


Write for catalogue giving details 
of our comprehensive range of over 
70 standard sizes for over-runsing, 
indexing and instantaneous back- 
stopping. 
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* ICRUSH-FORM GRINDING 


—— La EDOUARD DUBIED &C* S.A. 


hes NEUCHATEL SWITZERLAND 


WH SOMES =» SHIPMAN 


MODEL 1012 CRUSH-FORM GRINDER 





The crush-form method is well-known Two sample 
a a simple means of production crushing rollers 


be 
al gtinding components having simple anda 


forms or intricate contours. This number of 
method is ideally suitable for grinding typical cams 
the wide variety of cams which are which have 
required for well-known Dubied .- sees 
knitting machines. This operation is y on ene 
carried out on the Jones-Shipman Model 1012 
Model 1012 Crush-Form Grinding Crush-Form 


Machines installed in their works. Grinder. 


INTERNATIONAL MACHINE 
TOOL EXHIBITION 
ie June 28—July 8 
ders See this machine on display 
t” y on STAND 47 GRAND HALL. 


A. A. JONES & SHIPMAN LTD. 








1875° 





NARBOROUGH ROAD SOUTH, LEICESTER 
LIMITED J Tel : 823222 (8 lines.) Grams: ‘Chuck’ Leicester 
4 UNIT) & 

_ ROAD London Office : 50/52 Gt. Peter St., London, $.W.1 
. Ss Tel: ABBey 5908 /» 
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NEW TECHNICAL BOOK 


Cutting Tools, Jigs and Fixtures. 
M.I.Mech.E., M.I.P.E. 247 pp., 
Publishers: Odhams Press Ltd., 
W.C.2. Price: 25/-. 

Presenting the latest developments in the field of 
cutting tools, jigs, and fixtures, this excellent book covers 
its subject authoritatively and clearly, yet with admirable 
conciseness. The basic features of tool design, including 
negative-rake cutting in connection with the use of 
cemented-carbide tools and the design of cutters for 
down-cut milling and square-hole drilling, are dealt 
with in detail, as well as the aspects of heat treatment, 
tool grinding, cutting speeds, feed rates, and cutting 
materials, including ceramics and diamond tools. In 
addition, the economics and design factors of jigs and 
fixtures are discussed, different machining methods are 
compared, and a wide range of examples is given of 
machines and tooling equipment, pneumatic and 
hydraulic devices, and other types of jigs and fixtures. 

Specially worthy of praise are the wealth and quality 
of the illustrative matter used and the inclusion of a 
comprehensive set of worked examples of design prob- 
lems, which will undoubtedly be of practical value not 
only to students, but also to those engaged in the design 
of cutting tools in conjunction with jigs and fixtures. 


By 
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H. C. Town, 
illustrations. 
96 Long Acre, London, 


Theory of Mechanical Vibrations. 
360 pp., 101 illustrations. Publishers: John Wiley & 
Sons, Inc., New York, and Chapman & Hall Ltd., 
37 Essex Street, London, W.C.2. Price: 78/-. 

Utilizing modern analytical concepts and techniques, 
and emphasising analytic principles over practical 
details, this book offers a sound and broad treatment of 
linear mechanical vibrations and, as such, constitutes an 
outstanding text and reference work for students carrying 
out advanced work in applied mechanics. 

Professor Tong is to be congratulated on the selection, 
organization, and presentation of his material, all of 
which demonstrates the unity and coherence of the theory 
of mechanical vibration and its connection with other 
engineering sciences. The book covers systems with a 
single degree of freedom, systems with two degrees of 
freedom, systems with several degrees of freedom, and 
the vibration of elastic bodies, topics receiving special 
consideration including the principle of superposition, 
the eigen-value problem in matrix, differential and 
integral equations, and energy methods. In addition, 
systematic and logical developments of all the important 
theorems and results are given. 


By Kin N. Tong. 


The Other Side of the Moon. 


Translated from the 
Russian by J. B. Sykes. 


40 pp., 8 illustrations. Pub- 
lishers: Pergamon Press Ltd., Headington Hill Hall, 
Oxford. Price: 10/6. 

On October 4, 1959, a space rocket was successfully 
launched in the Soviet Union with the specific object of 
resolving certain problems in the study of outer space and 
more particularly to obtain photographs of that surface 
of the moon which cannot be observed directly from the 
earth. While it is true that the wealth of information 
obtained from this launching is still under study, and 
that a scientific publication which includes comprehensive 
descriptions of the features of the other side of the moon 
and the method of determining their nature will shortly 
be issued, the U.S.S.R. Academy of Sciences presents for 
the first time in this little book the results of the pre- 
liminary study of the photographs made by equipment in 
the space rocket. 

Essentially, the space rocket is an automatic inter- 
planetary station equipped with complex radio, electronic, 


26 





photographic, television, and other apparatus, as well a: 
with a special orientation system, devices for the pro- 
grammed operation of the apparatus installed, ap 
automatic temperature-control system, and power 
supplies. Details of the station and its orbit are given, 
together with the methods used for photography and 
image transmission, and reproductions of the thre 
now-famous photographs of the other side of the moon, 
Of undeniable topical interest and commemorating 
as it does, an achievement which only a few short years 
ago would have been ridiculed as impossible, this 
interesting book is recommended to all those who now 
realize that the conquest of space is no longer an extrava- 
gant fantasy but a practical concept which will almost 
assuredly come to fruition in our own lifetime. 


Statics of Soil Media. 


2nd edition, 1960. By 
V. V. Sokolovski. 


Translated from the Russian by 
D. H. Jones and A. N. Schofield. 250 pp., 200 illustra- 
tions. Publishers: Butterworths Scientific Publications, 
4 & S Bell Yard, London, W.C.2. 

Though Professor Sokolovski’s work in the field of 
plasticity is well known to research workers, this English 
translation renders his work accessible to a wider 
readership and enables engineers to become acquainted 
with current theoretical research in problems of plastic 
failure. A large number of the mathematical problems 
encountered in the analysis of the stability of foundations 
and slopes, and in the design of embankments and fills 
can be treated by purely statical considerations, and the 
book is devoted to an examination of these problems. 

This new and completely revised edition, which is 
based on the original 2nd edition published in Moscow 
in 1954, also incorporates certain revisions and amend- 
ments provided for the English translation by the author, 
as well as a series of new problems investigated since the 
appearance of the first edition. 
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* New British & Books * 


| THE MANUFACTURE 
| OF TRON AND STEEL 
Volume Three : 
| Steelworks Fuels, Furnaces, Refractories 
and Instruments 
G. REGINALD BASHFORTH 


Illustrated — 35s 


American 


net 


MAGNESIUM 
AND ITS ALLOYS 


C. SHELDON ROBERTS 


A JOHN WILEY BOOK 


Illustrated —72s, net 


PLASTICS ENGINEERING 
HANDBOOK 
OF THE 
SOCIETY OF THE PLASTICS 
INDUSTRY, INC. 
4 REINHOLD BOOK 























| CHAPMAN & HALL. 
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Third Edition Illustrated 120s, net send 

2. 
37 ESSEX STREET, LONDON » W.C.2._| HRD N 
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mend: ath . . _. a 
uthor, fur range of industrial engines are a_ practical Service Organisation. Take your choice from a wide 
ice the Foposition for many types of industrial equipment power range... Diesel 20 to 86 b.h.p. and Petrol 11 
.compressors, cranes, pumps, contracting equipment, to 87 b.h.p. (12-hr. rating). 

rth borers, generators, railcars, welding plant, works 

ks, tractors and conversions. Simple design, DIESEL ECONOMY—have you considered the replace- 
podern flow-line production methods and common ment of existing power units in your equipment and 


erchangeable parts contribute to the low cost of trucks with the famous 4D Diesel engine? You'll have 


















* high efficiency engines. And remember, every the unique advantages of economy, long-life and low 
gine is fully backed by a World-wide Parts and running costs... plus the best service in the World! 
7 
: Nah ed a Re, * * 7 
e ome ) 
Wherever you are, whatever your problem, a ala 
. Please send me technical brochures of your *PETROL 
® plese Industrial Engines. The maximum B.H.P. required 
BY AUisiccsesdscsttecesal “ea aes R.P.M. Also, please send details 


of the following equipment powered by your engines. 





G085 


\epeee COMPANY LIMITED - ENGLAND 


are at your service 


Kame sensible schiiahiatinianieuianiaeninannnite 
For further details of our 


INDUSTRIAL 
E MM G 5 te E 4 Nature of Business 


and the equipment they power, 


Address 


Telephone No. 


send the coupon to your nearest Ford Dealer * Delete where not applicable G51°24°6 








or direct to 


2. 
a MRD MOTOR COMPANY LTD - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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LATEST INDUSTRIAL LITERATURE 


1. Stainless Steels 

The range of stainless steels presented in a 44-page 
catalogue comprises ferritic, martensitic, and austenitic 
steels, produced in a great variety of shapes, such as 
rounds, squares, hexagons, octagons, bevels, and ovals, 
as well as plates and sheets in various thicknesses. 
Numerous graphs and tables are included, which give a 
comprehensive survey of the mechanical properties, 
composition, and other characteristics of the steels. 


2. Road-Vehicle Lubrication 

Providing a comprehensive guide to drivers of passen- 
ger and goods vehicles on the lubrication and maintenance 
of engines and transmission equipment, a 76-page hand- 
book outlines the basic principles of lubrication, and 
includes chapters on various types of engines and on 
clutches, gearboxes, propeller shafts, and final drives. 
Recommended grades of engine and gear oils and 
greases are listed, and the equipment required for 
maintenance and oil storage is also dealt with. 


Cutting Oils 

Developed to meet the demands of new alloys and 
machining techniques, the range of cutting oils described 
in an illustrated 24-page brochure includes neat oils, 
soluble oils, and soluble fluids. Recommendations for 
the use of the oils for thread grinding and rolling, for 
broaching, and for machining aluminium and zinc 
alloys and nimonics are given, as well as notes on 
recovery and reconditioning of the oils. 
Shaadi 


4. Hydraulic Equipment 

An illustrated 8-page folder contains details and 
specifications of a wide range of hydraulic equipment, 
such as gear pump/motors, rotary torque actuators, 
power packs, cylinders, directional valves, micro-filters, 
pipe couplings, and flow-balancing valves. Selected 
applications of this equipment include complete hydraulic 
systems for rotary transfer machines, marine craft, 
mining equipment, and mechanical-handling gear. 


Precision Flowmeter 

Eminently suitable for metering solvents, acids, 
caustics, liquefied gases, and molten metals, a precision 
flowmeter is presented in an illustrated 22-page brochure. 
The electronic flow-sensing element of the meter utilizes 
the kinetic energy of the measured fluid to suspend a 
turbine-type rotor in an axial floating position. Thrust 
friction is thus eliminated, and the rotor spins freely on 
plain guides without slippage at a rate proportional to 
the velocity of the flow through the unit. The flowmeter 
is capable of withstanding a pressure of up to 5000 psi 
and temperatures from 455°F to 1500 F. 





MAIL THIS COUPON TO-DAY 


THE ENGINEERS’ DIGEST. 6.60 
120 Wigmore Street, London, W.1 





Please send free and without obligation the literature indicated by 
the following circled numbers: 


(ze 8 78 9 OO tH 


MUI satat ats ve faadhaca toca 31a; 6 rexrnte- ois 
Position 
Company 


Address 





6. Silencing Units NM 

Particulars are contained in a 4-page folder of a Tang 
of silencing units developed for the efficient control 
airborne noise. The units are available in three standgy; 
forms for low, medium, and high noise levels, each mo¢: 
having a different noise-reduction and_ pressure-drp 
characteristic. Attenuation curves of the units are giv 
and tables for silencer selection are also included. 


7. Screwing Tools THE 

An illustrated 84-page catalogue presents details of, 
range of screwing tools, such as spiral, pointed, an FORT 
fluted taps, conduit hand and socket taps, tapwrenche 
hexagon die nuts, circular split sets and dies, and hang 
and machine chasers. In addition, a technical-inform. 
tion section is included, which gives data on tap nomen. 
clature, tolerance zones, tapping speeds, and lubricant 


8. Machine Covers 

Stated to give immediate and positive protection io 
exposed precision slideways and to safeguard expensi: 
machines against wear and corrosion, a_ range 0! 
collapsible machine covers is described in a 12-pag 
brochure. The covers, which are made of a special 
treated fabric resistant to abrasion, water, oil, suds, an 
paraffin, and are compact and flexible, have a favourab 
open-to-closed ratio. 


9. Hydraulic Presses and Shears 

Details are given in a 6-page folder of a range 
hydraulic presses, manufactured in four-column, ring 
frame, side-frame, and open-fronted versions, for dutie 
from 75 to 1000 tons, and in hand-operated or full 
automatic models. Two additional folders deal wi 
plate shears and mechanical press brakes, suitable fi 
heavy plate work and incorporating special safety an 
overload devices. 


10. Induction Motors and Micro-Speed Units 
Representing a combination of an electric motor an 
a brake working on the sliding rotor principle, a wit | 
range of squirrel-cage and slip-ring induction motors i 
described in a 6-page folder. The applications of th 
motors include hoisting gear, drives for lathe, milling, (V7 
and grinding spindles, pumps, centrifuges, etc. Two 
supplementary folders deal with geared motors and with 
special micro-speed units, recommended for mechanical: { 
1andling equipment, for motorised feed of machin 
tools, and for setting and precision-adjustment devices 


Precision Lathe AVAI 

An illustrated 4-page leaflet contains details of : ENCI 
universal precision instrument and toolmakers’ lath 
suitable for turning, drilling, milling, and external au{OR F 
internal grinding operations. An extremely wide rang], 
of special attachments, such as step chucks, cross slide NTC 
carrier plates, and compound slide rests, is available for ILLU 
the machine, which is claimed to ensure precision won 
comparable with that of a watchmakers’ lathe. 


12. Silicon Diodes 

Representative examples of a wide range of silico! 
diodes are presented in an 8-page brochure.  Typicé 
ratings and characteristics of the diodes are given, am 
miniaturized power diodes, silicon readout photocell 
solar cells, and voltage reference packs are als 
described. 














13. Continuous Mixers 
Specifically designed for the mixing with accufdlt 
temperature control of solids, liquids, or gases, a ral 
of continuous mixers is presented in two 4-page leafiés. 
The applications, for which special machines are 
include coke mixing, foundry-sand tempering, mixing @ 
pumpable fluids, and light- or medium-duty mixing 
sticking powders, granular materials, and doughs. 
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STONE-WALLWORK LTD. 


Phone: Abbey 7681. 
LANCASHIRE 








32 VICTORIA ST., LONDON, S.W.1. Grams: “Stonwalabb” Sowest. 


WORKS: OLDHAM, 





Also manufacturers of P.1.V. (Positive Infinitely Variable) Speed Chain Gears, Worm Reduction Gears, 
Piece Goods Stamping Machines and Light Alloy Bobbins for the Textile Trade. 
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multiple spindles on jig bored support plate. 
Floor to floor time for 2 pieces: 52” 


VERTICAL DRILLING MACHINE 
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Components: crankshaft shoulders, pinion 





whee! end 
Station 1 Operation Or’! central hole 
2 Dr ateral holes 
3 C’ sink (both sides 
4 C’ sink (both sides) 
5 Ream centr 1! hote 


Load and unload 





OFFICINE RINO BERARDI - BRESCIA - ITALIA 


VIA ALESSANORO LAMARMORA, 105 - TELEFONO 55 352 


(Associata all U.C.1.M.U.) 





Horstmann-—A gauge of accuracy 


And—for good measure—the Horstmann Model 52 Screw Caliper Gauge incorporates 
pea features which make it versatile, easy to handle and long-lasting. 

One of its advantages (as can be seen from the illustrations) is that there are no pro- 
tions from the side of the Caliper frame ; therefore shouldered work can easily be gauged. 
justing screws allow for a wide range of work diameters and tolerances, and are used 
‘readjusting to size when the gauges becomes worn. The depth of the anvil section 
vents shearing and makes he Horstmann Model 52 ideal for gauging Acme forms of 
read. The radiused anvils do not roll and can be used for either left- or right-hand threaded 
tkpieces. The Caliper is normally supplied as a ‘‘GO” and ‘*‘NOT GO” combination 
hige so that both tests can be applied in one action, but is also available as *“‘“GO” only o 
\OT GO” only. It is manufactured in a full range of B.A., American, Unified, Whitworth 
fd Metric forms of thread. 

Horstmann also make screw or plain Plug and Ring type gauges. All these precision 
stuments are guaranteed for accuracy, hardness and finish to the requirements laid 
bwn by the National Physical Laboratory and British Standards Institution. 

shall be delighted to send you descriptive leaflets. 





: PLUG, RING & CALIPER GAUGES 

HORS] MANN put accuracy in your hands. 
THE HORSTMANN GEAR COMPANY LIMITED 
NEWBRIDGE WORKS, BATH, ENGLAND. Tel.: 724%. 


JUNE, 1960 Volume 21, No. 6 





TBC MeOmo'S | ke — 7 ae 


i 
— ee ee ee ee ee ee eee eee ee ee ce ce 





Se a a ee a a 


a ae a a a a a a a 


a a a a 


a ee ee oe ee ee ee eS a ee ee a ee a a a eee 





ae ae ae a a a a Ye ae ee a ae a a a ee ee 


ae 4 fo te ws a 
pe 6 OO ee Or On ee | Cas Kas Kea Ca a: ill Fa: a ai 


Loy 


NN 


N 


Cutter pass and rise- 
and-fall motions Of the —|_—_ memem mee wre  e ee re es e ce 
knee during automatic 
3-dimensional pro- 


gramme milling of 
the workpiece shown 
above right. yaaa 98 


N 


Lower knee 


lo. 
“Se. 


[: 3] Cutter pass 
“4 7 LA / (lS * 





Raise knee 





a 


Feed 


*--—~ Rapid travere 





@ No tape, wire or punched cards 

@ Suitable for small or large batches 

@ Production times reduced by as much as 60-70°, 

@ Interchangeable trip dog bars and push button 
Machines with table sizes from 43” x 12” te lates speed iob ch: rates 
—98” x 24” can be supplied with emplates speed job Changeover 
automatic 3-dimensional programme : ‘ ce ‘ 
controlled milling. @ Can be used as normal machine without modification 
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VU eee eee WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE! 
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When ordering new equipment 
specify PARKER COVERS for the 


protection of Slideways, Rams, 
Lleadscrews, etc. 
US 


As supplied to the leading 
Machine Tool Builders of 


“PLANO MILLING, 
‘= PLANING, 
“ BORING, 

wo LLIN G & 
GRINDING 


MACHINES 


Meanwhile can we help with the 
protection of your existing plant? 


3rochure on request 


PARKER ENGINEERING SERVICE LTD. 


TONE Staniforth Street, Birmingham 4 
BYLEE Telephones: ASTon Cross 1046 & 2738 
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THE 


LINCOLN-CLooS 


TYPE GA3 
SEMI-AUTOMATIC 
HAND WELDING UNIT 


WITH FULL SPOT & TACK Y 


WELDING FACILITIES 





Spot, Plug and Tack 
Welding Nozzles (1 
nozzle shown fitted to 
standard Hand Gun). 


J 





as 
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Type C.P.L. Timing 
Unit for Spot, Plug 
and Tack Welding. 
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SEE US on Stand No. 3, Grand Hall, > 
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MACHINE TOOL EXHIBITION 
Olympia, London, 25th June—8th July | 


























Occupying less than 6 sq. ft. of floor space, this 


compact unit offers these great features : 

* Completely self-contained. The Lincoln-Cloos C.A.3 Weld- 
ing Unit incorporates its own re-circulating water cooling 
system and gas bottle support. 

* Highly efficient modern design Hand Gun—can be used for 
both semi-automatic seam and spot welding. 

* The special type C.P.L. timing unit and nozzles for Spot, 
Plug and Tack Welding (illustrated) can be easily fitted ina 
matter of minutes. 

* Infinitely variable wire drive unit. 

* Wire feed rolls adjustable to suit wires of varying diameters. 

All these extra features plus the other advantages of CO2 Shield- 

ed-Arc Welding—rapid metal deposition, practically no forma- 

tion of slag, excellent results in positional welding—are available 
to you when you buy the LINCOLN-CLOOS type C.A3 

Shielded-Arc CO2 Semi-Automatic Welding Unit—the machine 

with the added PLUS of FULL SPOT AND TACK WELD- 

ING FACILITIES. Write today for further details to: 


THE AUTOMATIC DIVISION 


LINGOLN ELECTRIC CO LTD aut 
WELWYN GARDEN CITY - HERTFORDSHIRE BGK 


Telephone: Welwyn Garden 920 (5 lines) 4581 (5 lines) cuore 
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POLYBLOC | 


TRADE MARK 


SYSTEM 


for Corrosion Resistant 


HEAT EXCHANGE 
Equipment 


* 


Made from highly inert graphite blocks, 
Very robust, 
Fully detachable, 

Takes advantage of “‘End Effect” for remarkably 
high heat exchange efficiency, 
Important anti-fouling effect, 

Fuel economy, 
Savings in maintenance cost. 


* 


Equipment constructed on the Polybloc principle 
can ideally solve your problems of \ 

Heat Exchange, Absorption, Evaporation, Concentration, \ 
Condensation, Stripping, etc. 


We shall welcome your enquiries. 


Manufactured and sold in Great Britain by: 


ROBERT JENKINS & CO. LIMITED 


ROTHERHAM -: YORKSHIRE 


in U.S.A. 
The Carbone Corporation, Boonton, N.J., U.S.A. 


for the rest of the World 
Société le Carbone-Lorraine, 45 Rue des Acacias, Paris (17e), France. 
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BALL BEARINGS 


Smiths fully automatic transmission makes use 


of a layshaft type gearbox but, by the clever application of two magnetic powder couplings 


and an electro-mechanical control system, gives fully automatic gear changing and elimination 


of the clutch pedal. 


Hoffmann Ball Bearings are fitted in this transmission and contribute much to the smooth- 


ness and efficiency of the whole system. 


CAN WE HELP YOUR NEW PROJECT? 


THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX 
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SMITH 


Magnetic Particle 


COUPLING 








Smooth as a hydraulic coupling, but without 
the drag, positive as a friction clutch but never 
needing adjustment for wear, SMITHS magnetic 
particle COUPLING provides accurate 
control of torque without complications. It acts 
as a coupling or brake in either direction 

and can be remotely controlled from 

any distance 

If your requirements include coupling units 
with torque capacities between 1 3 and 

200 Ib ft, let us advise you on the application 


of these units in your plant. 


MPT EN 
\ i] | Ht S. SMITH & SONS (ENGLAND) LIMITED 


AP 92 INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON. Telephone WITNEY 678 
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This large milling machine 
weighing 900t and with a frame 
46m long stands in the work- 
shops of Sulzer Bros., Winter- 
thur, Switzerland, and is the 
largest of its kind in the world. 
It contains 140 electric motors 
with atotal input rating of about 
1100 kW all of which were sup- 
plied by Brown Boveri. 

The novel design of the control 
desk (inset) with a coloured mi- 
mic diagram allows the machine 
to be controlled with ease, des- 
pite the large number of drives. 














¢ All over the world | - 
‘| t 
Brown Boveri | . 

Ne 

Electric Drives | a 

de 

for Machine Tools | fu 

from the extremely simple to ‘es 

the completely automatic 4 





BROWN BOVERI 





BROWN, BOVERI & CO., LTD., BADEN * SWITZERLAND 
Representatives in most countries 
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Well known in the Automotive and Railway 
Industries, Hardy Spicer are now 

supplying propeller shafts and universal joints : : 4 
inincreasing quantities for other | : va we " F 
-tlaaieaamemaNaN Typical of these are a 

the universal joints incorporated 

in the drive shafts used on the Babcock & Wilcox 
Feeder Stokers at Staythorpe Power Station 
Newark, Notts. Hardy Spicer’s wide 


experience ensures the highest standards of 








Photographs by courtes) 


design and performance. Please write for 


further details and illustrated leaflets. 


Product of the 


Itt} 


bind 


Birtield Group 


PROPELLER SHAFTS 





7 SPICER LIMITED 
CHESTER ROAD ERDINGTON + BIRMINGHAM 24 + ERDINGTON 2191 (18 LINES) 


ENGINEERING DIVISION OF BIRFIELD INDUSTRIES LIMITED 
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East Midlands Divisi« 





Central Electricity Generating Board 
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QUALITY BUILT - 


By fn 


. 


Backed by efficient after sales service 


The advent of nuclear engineering made demands upon the 
Crane industry for special design and methods of operation 
not previously necessary. Wharton have met this challenge 
by supplying specially designed cranes to many nuclear 
projects, one of which, illustrated on this page, was supplied 
to the Berkeley Atomic Power Station. 


The range of Wharton products extends from hand pulley 
blocks of half-ton capacity, electric chain blocks, electric 
hoists and overhead hand operated cranes to overhead 
electric cranes of up to 200 tons capacity. 





THE ~< (HARTON CRANE & HOIST CO. LTD. 


REDDISH STOCKPORT ENGLAND 














Phone : Heaton Moor 2227. Grams : ‘* Gallant, Manchester Code : Western Union 
LONDON § Lin House, 2% 3 h Holborn WC 1 Phone Chancery 7911 srams Chancery 7911 
SCOTLAND an ah NORTHERN ] ‘CO UNTES Gordon Sumer & Co oo 25 Biythswood Square, Glasgow C. 2 Phone Central 6917 8 Grams Gorbaxco, Glasg 
MIDI ANDS AR and », 89 Cornwall Street ngham Phone Central 1457 Grams Centr 1457 Cirminghem 
SOUTH-WEST. RC Coes o Westbourne Road. Pon ar rth Glamor ot Phone Penarth $8527 Grams Penarth $8527 
NORTHERN IRELAND General Engineering Products Ltd. 7.9 Great Patrick Street. Beifa Phone Belfast 23743 Grams Belfast 23743 
REPUBLIC of IRELAND Cha ialan Bi Go, 2 Packer wer Rath 4. Dubiir Phone Dublin 93510 Grams Dublin 93510 
CANADA Marshall Equiomen’ inc. PO. Box 28, 61 O*Connel! Ave Dorval Station. PQ Phone Melrose 1.3528 Grams: Marauipco, Montreal 

Gordon Russell Ltd.. 1661 West Fifth Avenue Vane ‘Ouver 9. “ac Grams: Rustle. 

Mumford, Medland Ltd., 576 Wail Street. Winnipeg, Manitoba Phone a7. 100, 37-187-188-189 Grams: Mandem. ee 
SOUTH AFRICA Kenneth Ray Ltd PO Box 5662 34 Amesho® Street, Braamfontein, Johannesbu Phone Grams Gemray W, 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD 


4 
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GEARING UP or GEARING DOWN 


for INDUSTRIAL and MARINE applications . . . 


A\ILILIEN - sroECKICHT 
EPICYCLIC GEARING 


The most compact speed-reducing or speed-increasing arrange- 


ment for all types of prime movers and or driven machinery 


Please address all enquiries for gearing to ATLAS WORKS, PERSHORE, Worcs. 
Telephone: Pershore 110 Telex No 33288 


BA TCR BINION COM Ol ELI BEDFORD 
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4, ierse dipcity gap 57in. swing X 21 in. 
width with two removable gap pieces. 


swing model also available. 


CROWTHORN ENGINEERING COMPANY LIMITED 
1 Makers of High Class Machine Tools for over half a century 

REDDISH ° STOCKPORT . ENGLAND 

Phone : STOCKPORT 7271-2-3 _ Grams: CROWTOOL, REDDISH 
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If it’s a case of 


making a hole — 
do it 
AUTOMATICALLY 
with the 
AIRMEC 


AUTOSET 





POSITIONS THE WORK 

Autoset automatic co-ordinate setting equipment provides 
accurate automatic control of the lead screws of a co-ordinate 
table. It enables the table to be positioned automatically 
by means of a punched tape (containing co-ordinate 
information for up to 400 operations) or manually by 
means of a series of knobs and dials. 


SELECTS THE RIGHT TOOL 


Facilities are provided for selecting one of up to ten tools 
and for controlling a large number of other variables such 
as tool feed rates, feed depths and spindle speeds. 


ROBUST AND RELIABLE 


No electronic valves used. 


EASY MAINTENANCE 
CUTS OUT ERRORS 


Autoset is highly accurate—automatic compensation is 
provided for table backlash and cumulative lead screw 
errors. 


CUTS THE COST 
A complete equipment for automatic control in two 


dimensions including tape punch costs only £1,500. 
‘ Manual control considerably less. 








_ Autoset fitted to 
Descriptive leaflet No. 186 sent on request oe i © 


spindle Turret Head—32” x 9* 
table. Spindle speeds 300- 


6000 r.p.m.— *& drill capacity. 
Full details available from 
Catmur Machine Tool Corpn. 


MVEWUOUOED vow cost tare contro one 


London, W.11, 
AIRMEC LIMITED - HIGH WYCOMBE - BUCKS -: TELEPHONE: HIGH WYCOMBE 2501/7 
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The Steactiast Flexible High Speed hacksaw blade is hardened on the teeth 
only by a new technique, giving cutting performance equal to the normal ‘‘all hard” 
high speed blade. At the same time it imparts a flexibility which enables the blade to be 
used by the unskilled, without fear of breakage. 

The Steackfast Flexible High Speed blade will cut the toughest type of steel and 
withstands considerable mis-use, making it eminently suitable for ‘‘difficult’’ jobs which 
require flexibility allied to maximum cutting power. 


J 
For economy and efficiency, there is none better than the Shaittast Flexible 
High Speed blade. 
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Steadfast | 


FLEXIBLE HIGH SPEED 


Available in the following sizes at the same prices as all other 
High Speed hacksaw blades. 














LENGTH WIDTH THICKNESS PITCHES OF TEETH 
10 = 025” 18, 24, 32 
12 _ 025 14, 18, 24, 32 

















DARWINS TOOL DIVISION 


J. STEAD & CO. LTD. MANOR WORKS, SHEFFIELD, }? 


$i5 
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nd high-precision components 


, NAL GRINDER 
, _— of Injectors ach = 


teeth 

hard” 

to be 

el and TECHNICAL 
which CHARACTERISTICS 


exible Internal grinder for 
holes of 1 to 20 mm 
diameter in_ high- 
hardness alloys, e.g., 
gauges, dies, etc. 
Spindle speeds from 
60,000 to 140,000 rpm.— 
Quick adjustment for 
control of diameters, 
with automatic feed of 
the spindle head: aute- 
matic stop — Supply 
voltage according to 
requirements. Weight 
of complete Grinder 
approx. 750 kg. 











CONSTRUCTIONAL FEATURES 


rinder specially designed for the mass production of injectors of any type for the internal grinding of gauges and dies in tungsten, 
rbide and other alloys, for work requiring a very high degree of precision of the order of 0°0003 mm both in roundness and centricity 
th surface micro-roughness of 0°00025 mm. Perfectly smooth surfaces are obtained, in view of the complete absence of harmful vibrations 
perfect finish of the surfaces, combined with exact geometrical shape, is always assured by the M.C.54 Grinder fitted with patented 
C52 “Turbo Spindles’’, with automatic take-up of bearing play, oil-mist lubrication, and other features introduced into its 
bnstruction, All the adjustments of the individual members of the machine are hydraulically controlled. The machine is fitted with 
trbine-driven spindles of very high rotational speeds, from a minimum of 60,000 to a maximum of 140,000 rpm; one of these spindles 
trves to grind cylindrical parts and the other conical parts (e.g. injector and valve seats) according to requirements. 
ihe rotating Spindle unit of the M.C.52 ‘‘Turbo Spindles”” employ a small turbine and the hydraulic system adopted, as compared with 
: fectrically-driven spindles, affords numerous advantages, including the following :— 
2 simplicity of construction. 

variable speed range between the limits required, depending upon the internal dimensions to be ground. 
normal operating speed : 120,000 — 130,000 rpm. 
speed variation between full and no load about 3-4 per cent. 
extremely simple automatic lubrication, without the need for cooling equipment. 
possibility of grinding diameters from 1 to 20 mm. 
automatic take-up of bearing play by means of a patented device which guarantees longer life to the bearings. 
Operating life of the spindle at least 800 working hours guaranteed. 
— high-precision grinding and finishing of the parts. 


FRATELLI COPPIER-MILANO (ITALY) PIAZZA CARRARA, n.15 
Phone : 84.90.386 
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DESIGNERS! THIS IS THE ONE 
REFERENCE BOOK TO SOLVE YOUR 
FLUID SEALING PROBLEMS — 


([S 
© 





eV 


So 
we 























OILSEALING & MOULDING CO. LTD 


i 





Factory and Head Office : Cottontree Works, Colne, Lancs. Tel : Wycoller 471 (8 lines) 
renew ee ro ee EM ee e ee  a  ee eee — 
' Get your copy! COMPANY | 
| OF THE PIONEER | NAME | 

FLUID SEAL , — 
| CATALOGUE 


ADDRESS 





| 
A 
| 
AND IT’S FREE! iF, 
——» 
fers 
Vy ) cove 
When you design a ner 
Fluid Seal applications, essed al 
don't be without this be scale 
valuable Reference m the | 
Book issued by Pioneer. possible 
Prepared by practical Le stan 
engineers, it includes 
the latest up-to-date AF 57s 
information on Fluid 7| tration 
Seal Technology, q high di 
comprehensive data on b use 0 
a wide variety of ments ( 
applications, how to y we | 
install correctly with easy- 
to-follow illustrations for ‘ an 
all the various types of seals ther (YE 
produced by Pioneer, and a plicatio 
full range of available sizes. 4 tained 
The Pioneer Reference Book y 
which comes to you on 
request, is a practical work 
for the busy designer and is 4 — 
part of the Pioneer service . | 
which includes free advice on 
any Fluid Sealing problem. G 
* 4 
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33” O.D. 
3-20” A/C FLATS 
TAPPED 


i ¥ or 


* 


IN 










AVL). ¢55 


/ jew transparent 
z owl filter 


—ffers alternative elements 
cover all requirements 






\” BSP. 



















VAF 57 
okes new filter for use in }”,3” and }” com- ‘ ELEMENT 
pale area : : = ae 
essed air pipelines efficiently removes abrasive ‘DPAK 


pe scale, other solids and corrosive moistures 
mm the supply air. Alternative elements make 
possible to cover all requirements. 

he standard general-purpose element is the 
\F 57, suitable for removing average con- 
ntrations of water, oil mist and grit; where 
high degree of purity is essential however, 
t use of the ‘D’ Pak is recommended. Both 
ments offer low resistance to flow and function 
po periods without the need for replace- 
pnt. 

ther types of element are available for special 
plications and full details of these may be 
hained from our technical sales department. 


BAFFLE 


}” B.S.P, SOCKET 
PLUG & WASHER 


ro 


basi 
3” 
TRANSPARENT BOWL 
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ONE MINUTE MAINTENANCE 
— LIFETIME PROTECTION 


Maintenance can easily be carried out by occasionally 
removing the plug at the base of the filter and draining 
off the collected moisture and impurities. The trans- 
parent bowl fitted for pressures up to 150 p.s.i. makes 
maintenance even easier by giving a clear view of 





\ _ filtering efficiency and showing when servicing is 
~ necessary.A metal bow] is fitted for pressures over 150 
V7 Ly : p.s.i. and up to 250 p.s.i. 
h \ Operating temperatures— 
a ) Transparent Bowl type:—4o0 F to 120°F. 
j Metal Bowl type: —40 F to 300°F. 


ee ae | ON Me | OO | Ne ee! | 


VOKES LIMITED: GUILDFORD : SURREY 


a 
VW Telephone: Guildford 62861 (6 lines) 
Telegrams & Cables: Vokesacess, Guildford, Telex. Telex: 13-535 Vokesacess, Guildford 


Vokes Australia Pry. Ltd., Sydney Represented throughout the World 
V.515 
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CROWN 
WHEELS and 





A vital contribution to the 
efficiency and reliability 
of cars and trucks 








supplied by 


7H IRTH-DERIHOY 


SHEPPIELD & DARLEY DALE 


High Quality Drop Forgings 
for the Automobile and Aircraft Industries 
THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD. 
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Orcutt 
Automatic 
Gear 
Grinding 
Machine 


Orcutt Lead 
Measuring 


Machine | 2 val 


Orcutt GC 48 
Spur Tooth 


Grinding 
Orcutt 


Machine intl 
20” & 36” = ile 
Hydraulic ~ age , 
Shaft Grinding 
Machine 


STANDS 


d eo Orcutt H. M. 


The Gear Grinding Oreye ach Internal Gear 


Grinding 
Machine 


210-211 


Orcutt 
Involute 
Measuring | 
Machine 

Mk III 


Orcutt 
Involute 
Measuring 
Machine 
Mk IV 


range of gear and spline grinding machinés and gear measuring machines — 


Watch for the *‘ Eve of Show"’ 
announcement giving details of 


a revolutionary new machine 


Makers of the “ ORCUTT" 


Tel: SHI 2231 (6 lines) 





SANDERSON tool steels 
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‘476° Heavy duty die steel of the high carbon, high chromium type, has outstanding 
wear-resistance but is tough and machinable. It is particularly recommended for 
tools operating under conditions of severe wear and abrasion and where 


maximum runs are required. 


The above illustrations show a punch and die set produced 
from ‘476° steel by The Mining Engineering Co. Limited, 


Worcester. 


SANDERSONS hen 


Please write for further details and literature to 


SANDERSON BROTHERS AND NEWBOULD LIMITE 
Attercliffe Steelworks, P.O. Box 6, Newhall Road, Sheffield 9 
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| HACKBRIDGE AND HEWITTIC ELECTRIC COMPANY LTD 7 
| 


HERSHAM - WALTON-ON-THAMES - SURREY 
1 Telephone : Walton-on-Thames 28833 (8 lines) Telegrams & Cables: ‘‘ Electric, Walton-on-Thames” ] 


OVERSEAS REPRESENTATIVES. ARGENTINA: H.R. Roberts & Cia., S.R.L. Buenos Aires. AUSTRALIA : Hackbridge 
and Hewittic Electric Co., Ltd., 171, Fitzroy Street, St. Kilda, Victoria, N.S.W.: Queensland: W. Australia: Elder, Smith & 
Co., Ltd., : South Australia : Parsons & Robertson Ltd.,: Tasmania: H. M. Bamford & Sons (Pty.) Ltd., Hobart. BARBADOS 
and surrounding islands : Electric Sales & Service Ltd., St. Michael. BELGIUM & LUXEMBOURG : Pierre Pollie, Brussels, 3. 
BRAZIL: Oscar G. Mors, Sao Paulo. BRITISH GUIANA: Dandor Commission Agency, Georgetown. BURMA: Neonlite 
Manufacturing & Trading Co., Ltd., Rangoon. CANADA: Hackbridge and Hewittic Electric Co. of Canada Ltd., Montreal : 

The Northern Electric Co., Ltd., Montreal, etc. CEYLON: Envee Ess Ltd., Colombo. CHILE: Sociedad Importadora del 
Pacifico Ltda., Santiago. EAST AFRICA: G. A. Neumann Ltd., Nairobi. EGYPT: Giacomo eo ong Fils, S.A.E. Cairo. 
FINLAND : Sahko-ja Koneliike O.Y. Hermes, Helsinki. GHANA, NIGERIA & SIERRA LEONE: Glyndova Ltd. GREECE: 

Charilaos C. Coroneos, Athens. INDIA: Steam & Mining Equipment (India) Private Ltd., Calcutta, Easun Engineering Co.. 

Ltd., Madras, 1. IRAQ: J. P. Bahoshy Bros., Baghdad. MALAYA, SINGAPORE & BORNEO: Harper, Gilfillan & Co., 

Ltd., Kuala Lumpur. NETHERLANDS: J. Kater, E. O., Ouderkerk a.d. Amstel. NEW ZEALAND: Richardson, McCabe & 
Co., Ltd., Wellington, etc. PAKISTAN: The Karachi Radio Co., Karachi, 3. SOUTH AFRICA: Arthur Trevor Williams 
(Pty.) Ltd., Johannesburg, etc. CENTRAL AFRICAN FEDERATION: Arthur Trevor Williams (Pty.) Ltd., Salisbury. 
THAILAND: Vichien Phanich Co., Ltd., Bangkok. TRINIDAD & TOBAGO: Thomas Peake & Co., Port of Spain. 
TURKEY : Dr. H. Salim Oker, Ankara. URUGUAY: Ciuna Ltda., Montevideo. U.S.A.: Hackbridge and Hewittic Electric 
Co., Ltd., P.O. Box 234, Pittsburgh 30, Pennsylvania VENEZUELA: Oficina de Ingenieria Sociedad Anonima, Caracas. 
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Fenaflex Cushion Couplings are equal to a universal joint. They automatically 
correct all combinations of misalignment and end-float, cushion shock loads, 
reduce torsional vibration, yet operate with the dependability of a modern tyre! 
The Fenaflex Coupling is a tyre with synthetic tension members bonded in rubber 
Depending on the size of the coupling and the duration of shaft misplacement, 

it corrects angular misalignment up to 4°, parallel misalignment up to! inch 

and end-float up to 5/jginch. There is no metal-to-metal contact, lubricating 

is unnecessary and there are no protruding parts. 

This coupling occupies the minimum space on the shaft and Fenner standard 
Taper-Lock bushes make mounting quick and easy. As the flexible member is moulded 
with a transverse solit, it can be replaced without moving the machine or the motor. 
This flexible coupling with time-saving TAPER-LOCK for fixing, is available in 

9 sizes, the largest taking 20 h.p. per 100 r.p.m 

Leaflet 353/18 will give you full technical information. 


SEND FOR IT NOW! 


Fenaflex Couplings are 





obtainable from stock at all 

19 Fenner branches and Fenner 
engineers will gladly 
demonstrate Fenaflex to you — 
telephone your nearest branch 
Belfast - Birmingham 

Bradford - Bristol - Burnley 
Cardiff - Glasgow - Hull - Leeds 
Leicester - Liverpool - London 


Luton - Manchester 





J. H. FENNER & CO. LTD » MARFLEET - HULL g 
LARGEST MAKERS OF Nottingham - Sheffield - Stoke 
V-BELT DRIVES IN THE COMMONWEALTH 


Middlesbrough - Newcastle 
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_ Dear Sirs, 
_ In answer to your enquiry 





VARLEY DOUBLE 
HELICAL GEAR PUMPS 


will pump efficiently 
in any position 
up to 100 gal./min. 
up to 500 p.s.i. 
Self-priming ... will pump 
Jluids from petrol 
to heavy oils . . . used for flood 
and forced lubrication, oil 
fuel transfer, coolant feed, 





hydraulic control, etc. ... 
available in many sizes 





and any form of drive. 


Yours faithfully 
VARLEY FMC LIMITED 


FERRY LANE BRENTFORD MIDDX - PHONE: ISLEWORTH 3922 (6 lines) 
GRAMS: PARACYCLIC BRENTFORD HOUNSLOW 
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Gear life trebled with Harper S. 6. Castings! 





These drive wheels for a high-duty conveyor were originally made in cast steel. 
Wear was very severe and replacements difficult to obtain. 


The Chief Engineer says :- 
“By changing to Harper S.G. iron the life has been increased up to three times and at 
the same time the cost of a set of gears has been considerably reduced.”’ 


Have you a case where steel forgings, castings or fabrications could be replaced by 
Harper Castings, with considerable savings and better service ? Let us look at your problem 
to see if Harper foundry technique can help you— it probably can! 








Harper quality covers Grey Iron, Spheroidal Graphite Iron and Meehanite 
castings, metal pressings, machining, enamelling and sub-assembly work. 


The word MEEHANITE is a registered trade mark. 
Also makers of the famous Beatrice Oil Heaters and Harper Housewares. 


HARPER CASTINGS 


JOHN HARPER & CO. LTD. WILLENHALL STAFFS 


Phone: WILLENHALL 124 (5 lines) - LONDON, Phone: ABBey 5906/7 - MANCHESTER, Phone: BLAckfriars 0295 


FOUNDED 1790 - 
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For the ultimate in 
Welded Fabrications 
consuit Empyrium, 

pioneers in this field. 













Transformer and Switchgear Tanks; Storage Tanks for 
Petrol, Oil and Water; Autoclaves ; Chemical Plant of all 
descriptions ; Bedplates ; Machine Tool and Press Frames; 
Gas Works Plant; Hoppers, Condensers, Gear Guards, 
Blast Mains. Air Receivers and Pressure Vessels of all 
types. 


et i ae 


Empyrium fabricate for 
all industries to ASME 
and Lloyds specification. 
Also to the exacting 
requirements of the 
Petroleum and Oil 
Companies. Full testing 
facilities, including 
X-Ray. 












Ya 






VW 


— EMPYRIUM 


WELDING & MANUFACTURING 
COMPANY LIMITED 


Head Office and Main Works: — Street, Birmingham 6. 
Telephone: ASTon Cross 3203 4 5. 
Telegrams: Empyrweld Birmingham. 








PIONEERS IN WELDING PRACTICE SINCE 1917 


JW. Ad 4680 
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™ bullt by 


A Francis 

water turbine 
designed by Boving 
and Company Ltd. 
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BROTHERHOOD 


Peter Brotherhood Ltd. 

have the capacity, backed by skill 
and experience, to 

build prototypes, pilot plant and 
full scale production 

machines for new projects 


or enterprises. 


PETER 


BROTHERHOOD 


PETERBOROUGH ENGLAND 
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Do you really 
think I need 
bother about 
nitrogen? 


Some people do... 
in free-cutting steels. 


ACIBAR and ACIBEL 


(non-leaded) (containing lead) 


are free-cutting, easy-machining steels produced 
by the Acid Bessemer process. They contain 
up to .018% nitrogen which assists in achieving 


more rapid machining 


improved mechanical properties 


better finish 


—and their content of residual elements is, of 
course, consistently low. 
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Increase Production with 
these new ADAPTABLE 


tools for multiple 


burring nut-running 


drilling reaming 
grinding screw-driving 


tapping 


‘*ARO-BROOMWADE”’ 
PAR-A-MATIGS 


are self-feod pneumatic tools which can be mounted 


at any angle for automatic or semi-automatic operation 





on long or short production Tun 


One man can operate a whole battery of Par-A-Matics 


and any number can be linked for simultancous operation. 


Write now for Publication No, 443 Tuk. 


Air Compressors and 


“BROOMWADE” Pneumatic Tools 


—— 


YOUR BEST INVESTMENT |= 





BROOM & WADE LTD., P.O. Box No. 7, HIGH WYCOMBE, ENGLAND 
Telegrams: ‘‘Broom’’, High Wycombe (Telex) HAI 


Telephone: High Wycombe 1630 (10 lines) 
623SAS 
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HYDRAULIC 
CONTROL 


SAWING 
MACHINES 


Unique in design. Proved in 
practice. Precise pressure 
control for wide range of metals 
and sections. The blade 
commences and finishes each 
cutting stroke with reduced 
pressure, with resultant 

saving in blade wear. 


FAMOUS FOR SPEED 
ACCURACY AND RELIABILITY 


UBE EXPANDERS 
OR ALL PURPOSES 









See us on Stand No. 420 
International Machine Tool 
Exhibition, 
Olympia, June 25 to July 8. 














E WICKSTEED AUTOMATIC TORQUE 
... «++ CONTROL UNIT 





No. 12 
12” . 12” Capacity 


No. 8 
8” 8” Capacity 
Hydramatic Machine 


7 As supplied to the 
Admiralty, Central Electricity 
Authority, Railways, Oil Refin- 
eries, leading Boiler Makers and industrial users. 


LEADING TUBE EXPANDER MANUFACTURERS 
FOR OVER 70 YEARS 
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SUPPLIERS TO ALL INDUSTRIES 
ce FHARLES WICKSTEED & CO. LTD . KETTERING - ENGLAND 


3SAS Telegraphic Address: ‘‘Wicksteed Kettering’’ 
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CASTINGS LIMITED 


Makers of Malleable Castings 
| for famous firms 








MALLEABLE GASTINGS FOR THE NEW INTERNATIONAL HARVESTER TRACTO 


The International Harvester Company of Great Britain 
Ltd. use our Blackheart and Pearlitic M.C.I. castings for 
their renowned tractors and agricultural implements, and 
we are proud to list them among our satisfied customers. 


Our Blackheart castings remain tough and ductile at sub- 
zero temperatures, while our high grade Pearlitic castings 
are of exceptional strength and toughness. 


We also produce Weldable Malleable iron castings, which 
are of special interest to designers as they can be combined 
into composite fabrications with other materials. Jobbing 
and repetition Malleable castings up to 70 lb. in weight are 
supplied to firms of renown in many industries. 


WHY NOT JOIN THESE FAMOUS FIRMS AND USE 
OUR CASTINGS? 





For full particulars write to: 


CASTINGS LIMITED | 
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SELBORNE ST., WALSALL, STAFFS. Tel: Walsall 31l¢ 
FOUNDED 1835. 


and at Lichfield Road, Brownhills, Staffs. 
Tel: Brownhills 2318. 
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THE WALPAMUR co. 


QUEEN 

wen 

ay APPOINTMENT T "ee 
URACTURERS OF PAINT 
man 


Catalogue of 
INDUSTRIAL 
FINISHES 


COLOUR RANGE 
OF 
L 
DUSTRIA 
I NANISHES 


I 
HE w ALPAMUR CO 


DAP oe i 8) 
ARWEN A Re 


FOUR. helpful publications 


Constant research has ensured that Walpamur Industrial Finishes 
meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 


CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 
metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 


EPOXY RESIN PAINTS booklet details the complete range of FEROX 
epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 


SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 
all types of finishes. 


All are obtainable free on request to: 


THE WALPAMUR COMPANY LIMITED 
DARWEN AND LONDON 





rites 
BY APPOINTMENT 
TO HEA MAJESTY THE QUEEN 


Paints, enamels, varnishes and finishes for every industrial need MANUFACTURERS OF PAINT 
we9 
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Whether it be a Whit., BSF, UNF, UNC. 
or B.A. thread it is all the same to 
C. Lindley & Co. Ltd., Luddenden 
Yorkshire. They make all types ot 





standard high tensile bolts and nuts 
from 4 B.A. to %” diameter and are 


well known for the manufacture of 





special parts by the cold heading 
method. Their heat treatment, which 
involves ha:dening, tempering and 
normalising, is entirely carried out in 
four Birlec atmosphere controlled 
furnaces including 18” and 24” Birlec 
shoker hearths, and Birlec 
cast link conveyors. The 
weekly output of these 


Birlec furnaces is about 





30 tons, operating 50 


hours per week. 


Birlec 18” shaker hearth furnace, 
rated at 40 kW, for hardening 
high tensile bolts and nuts at C. 
Lindley & Co. Ltd., near Halifax. 





EXTRA-SPECIFICATION FURNACES *® 

ie , a * The cost of a furnace is not neces 

: sarily its purchase price. Even a brief 

Ve interruption in production may cause 

' severe losses in output and serious in- 
(BIRIEC : 


convenience. The purchaser of a Birlec 
wee = AEI-Birlec Limited 












furnace can be confident that the 
equipment will not only meet his 
specification, but will give uninter- 
rupted trouble-free service. 


ERDINGTON - BIRMINGHAM 24 - Tel. EASt 1544 
LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE 
GLASGOW CARDIFF 
SM/B 5037 
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THE BLUE PAGES 








@ PRESSURIZATION OF GRANU- 
LAR SOLID FUELS 
One of the main problems 
which faces the designer of a 
solid-fuel system for a pressure- 
fired device is that of introducing 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





the pulverized or granulated par- 

tiles into the combustion space against the 
system pressure, by far the most convenient 
method being to employ a solid-fuel pump 
designed to act in a manner similar to that of a 
liquid pump. The prime need is to pressurize 
the fuel particles or, more accurately, to 
pressurize the air in the case of a fuel-air 
mixture, or the water in the case of a slurry in 
which the fuel is entrained. Until recently, no 
such pressurizer was required, and very little 
work was done on the pumping of solids; 
however, the advent of the newly developed 
coal-burning processes in combustion and 
gasification at elevated pressures has provided a 
stimulus to research in this direction, these 
processes including the coal-fired gas turbine, 
the pressure-fired boiler for the steam-gas 
cycle, and pressure gasification. 

In a recent paper, different methods of 
pressurizing solid fuels are reviewed and the 
characteristics of presurizers discussed in relation 
to power loss due to venting the pressurizing air, 
the wear of surfaces in contact with the solids, 
and effective sealing. It has been found that 
power loss due to air venting cannot be totally 
ciminated and that the simple lock hopper is 
the most suitable device in existence to-day, 
owing to its lower capital and maintenance costs, 
smaller power loss, and greater reliability. 


From Transactions of the ASME, Series A, U.S.A., 
April 1960, pp. 156-168. 





@ PROBLEMS OF TWO-PHASE FLOW 

Many difficulties arise in the treatment of 
heat-transfer problems in which liquids and 
gases flow together in the same tube. It is now 
reported, however, that experiments have pro- 
vided solutions to a number of problems 
involved in two-phase flow, and film thickness 
and other pertinent flow characteristics can be 
predicted from a knowledge of the system. This 
‘tesearch has primarily been directed to the 
investigation of annular two-phase flow in 
horizontal tubing, the liquid completely sur- 
rounding the gas as a film clinging to the inside 
of the tube, tests being conducted by feeding 
compressed air into long, clear plastic tubes of 
!,2, or 3 in. diameter. A mixer, with a 0-015-in. 
wide annular slot, feeds a uniform film of liquid 
Into the air stream, the liquid usually being 
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either water or a glycerine-water solution which 
can be varied in viscosity. While the film thick- 
ness varies around the tube, owing to the ten- 
dency of the force of gravity to pull the liquid 
towards the bottom, variations in film thickness 
around the tube are not as noticeable with the 
viscous glycerine solutions. 

It was found that the liquid gained energy 
from the gas when travelling along the tube 
and that, as the liquid increased its velocity, the 
film became thinner and less eccentric. Thicker 
film areas offer a rougher surface to the gas flow 
than thinner films, so that the top surface, where 
the film is thinner, offers less resistance to flow 
than the film surface at the bottom of the tube. 
Thus, the gas velocity profile is affected by the 
surface film, and this change in the velocity 
profile is believed to be partially 1esponsible for 
the large pressure drops encountered in tubes 
with two-phase flow. 


From The Cornell Engineer, U.S.A., 
March 1960, page 29. 


@ NATURE OF THE PHENOMENON OF 

MAGNETIC ANNEALING 

For many years, ithas been known that, if soft 
magnetic alloys of nickel-iron or nickel-cobalt- 
iron are heat-treated in a strong magnetic field, 
their magnetic moments will tend to align to 
produce a magnetically oriented material, this 
tendency arising from a uniaxial magnetic 
anisotropy introduced by the field heat treat- 
ment. The origin of this uniaxial anisotropy, 
however, has not been satisfactorily understood, 
and the theoretical basis for magnetic-field 
annealing has been debated for some time, 
though the generally accepted theory is based on 
short-range ordering of the metal atoms. 

Recent research now indicates that magnetic 
polarization does not result when these alloys 
are heat-treated in a magnetic field, unless about 
14 ppm of oxygen are present in the alloy. 
With a lower oxygen content, the annealed 
alloys do not respond, and no uniaxial aniso- 
tropy is developed. At oxygen contents between 
14 and 20 ppm, there is apparently little variation 
in the strength of the anisotropy. Although 
there appears to be little appreciable change in 
the magnetic response for reasonable increases 
above this level, substantially greater amounts of 
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oxygen may result in the formation of oxides of 
the constituent metals. While the mechanism 
by which oxygen causes this effect is not yet 
fully understood, a theory to account for it is 
that the oxygen atoms deposit on the stacking 
plane of the crystal at certain elevated tempera- 
tures, resulting in a displacement or dislocation 
of the next plane of atoms. When enough of 
these oxygen atoms are present, the alloy can be 
magnetically oriented by field heat treatment. 


From News from Bell Telephone Laboratories, U.S.A., 
March 1960. 


@ DESIGN OF LAVAL NOZZLES FOR HIGH- 

SPEED FLOW 

As is well known, it is necessary to use a 
well-designed Laval nozzle in order to obtain 
uniform supersonic flow in a wind tunnel, the 
shape of the nozzle usually being determined by 
a method in which a start is made with initial 
data, sonic Or supersonic, as given at a section 
of the nozzle, and continuation downstream is 
generally carried out by successive construction 
of a net of Mach waves or characteristic curves. 
The flow is first accelerated by suitable expansion 
through the diverging part of the nozzle until it 
attains the desired Mach number on the axis, 
followed by a region with a simple wave field in 
Which the nozzle wall is designed to reflect no 
wave. After passing through this region, the 
flow becomes uniform with a given Mach 
number. The shape of the wall portion for no 
teflection has already been tabulated in previous 
work for the special case of sharp corner 
expansion. Alternatively, by starting from 
fadial supersonic flow (source flow), the shape 
of the portion of the wall designed for zero wave 
teflection can be expressed by an analytical 
formula established by Foelsch. 

In either case, however, the subsonic inlet 
of the nozzle which should lead to the starting 
condition assumed in this method is generally 
designed by less accurate methods or is some- 
times determined empirically. It is therefore 
the purpose of a recent Japanese paper to derive 
an analytical solution for the nozzle flow of 
Practical interest, utilizing the equation of 


' Tomokita and Tamada for nozzle flow, and to 


establish the flow pattern at the subsonic inlet 
ofa Laval nozzle. Tomokita and Tamada have 
based their analysis on the assumption of 
approximate isentropic flow; in the present 
paper, however, the author has assumed the 
gas to obey the exact isentropic law. A number 
of Streamlines in the subsonic and transonic 
region is computed, each of which may be taken 
a representing the wall of the nozzle when 
Carrying out its design. 


From Trans. Japan Society for Aeronautical and Space Sciences, 
No. 3, 1959, pp. 77-82. 
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@ ELECTRICAL REDUCING PROCESS FOR 


METAL ORES 


A recently patented process is intended to 
solve the problem of substantially reducing the 
time per charge in the electrical reduction of 
ores, particularly iron ores, and also to develop 
a furnace which is suitable for the highest 
possible throughput rates. In this process, a bed 
of fine-grained coal is heated by means of an 
electric current passed through the bed, the 
greater part of which is maintained in suspension 
by the gases formed during the reaction. In this 
way, a quasi-liquid or fluidized turbulent bed is 
produced, into which fine-grained ore is fed, 
the grain size varying from 0-1 to 0-5 mm. The 
reducing coal forms a bed with a depth of several 
metres in a shaft of appropriate size. The 
current-supply electrodes are mounted so as to 
project at the periphery of the shaft into the 
fluidized bed, the voltage for heating the bed 
amounting to several thousand volts, depending 
on its degree of fineness and density. 

The reduction process is carried out by 
sprinkling small-grained iron ore on to the layer 
of heated coal in such a way that the forming of 
compact portions of ore in the coal bed is 
avoided, i.e., each particle of ore is surrounded 
by an excess of coal. Owing to the difference in 
specific gravity, the ore particles sink down- 
wards into the quasi-liquid or fluidized bed of 
coal, collecting underneath at the bottom of the 
reduction vessel. On their travel through the 
coal bed, the ore particles are reduced, some by 
the reducing gases and some by direct contact 
with the coal particles. 


From Brit. Pat. Spec. 827,205. 
Werner Wenzel, Bad Godesberg, Germany 


@ PRODUCTION OF GERMANIUM AND SILICON 

p-n JUNCTIONS BY EVAPORATION 

It is extremely difficult to prepare by conven- 
tional methods p-n junctions with uniformly 
large areas and minimum alloying thicknesses, 
as required for photocells and other photo- 
electric applications. It is now _ reported, 
however, that germanium and _ silicon p-n 
junctions with high photoelectric characteristics 
have been successfully produced experimentally 
in Japan by means of an evaporation method, 
in which the alloying element arrives at the 
semi-conductor in an “‘atom-by-atom” manner, 
thereby achieving intimate contact and making 
it possible to exercise close control over the 
geometrical shape of the junction. 

Initially, experiments with the evaporation 
method were conducted with indium, which was 
evaporated onto a suitable n-type germanium 
crystal preheated to 530°C, but it was found that 
this method, though superior to conventional 
methods of producing p-n junctions, was not 
completely satisfactory, owing to the fact that 
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MACHINES 


Tue machines here illus- 
trated are typical examples of the extensive 
range of precision- -built ** Douglas’? and 

* Macadie ’* Coil Winders, noteworthy for 
their superiority of design and unexcelled 
standard of efficiency. They have been 
described by an overseas buyer as “the 
most rugged, most versatile Coil Winders 
in the world.”’ 






Models are available for the production of 
windings for every industrial requirement 
at highest speeds and with maximum 


economy. Enquiries for special purpose 
machines are invited, and any of our 
standard machines can be modified to 


cope with particular requirements. 








“*DOUGLAS"’ No. 6 COIL WINDER 


LTD 


4XYE 


AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - 











A copy of our Catalogue illustrating a 


comprehensive range of Coil Winders 
will be sent to interested executives on 
application. 


LONDON - S.W.|1 


A member of the Metal Industries Group of Companies 


**DOUGLAS 
MALL 
MULTI-WINDER 


**DOUGLAS "' 
No. 15 
COIL WINDER 


om 


Telephone: ViCtoria 3404 (9 lines) 
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the deposition of indium was not entirely 
uniform and the area of the junction was thus 
reduced appreciably. Subsequently, gallium 
was used in place of indium, because its surface 
tension is lower and its distribution coefficient 
on germanium higher, making it possible to 
produce a uniform layer on the germanium 
crystal. Evaporation of the gallium was carried 
out under various conditions, and it was found 
that the most important parameter for producing 
good photoelectric characteristics is the alloying 
temperature. With an alloying temperature of 
500°C, junctions with good photoelectric charac- 
teristics were formed, the regrowth layer of 
these junctions usually being extremely flat and 


| uniformly distributed, and of very small thickness. 

















This evaporation method has also been 
applied in the preparation of silicon junctions, 
optimum results being achieved with aluminium 
evaporated onto a silicon crystal preheated to 
between 700 and 800°C. In this case, the 
saturation current was found to be considerably 
lower than that of germanium junctions, 
making these silicon junctions not only suitable 
as photocell elements, but also for use in 
photodiodes and photoresistors. 


From The Journel of the Institution of Electrical Engineers of 


Japan, January 1960, pp. 43-50 


@ NON-DESTRUCTIVE TEST FOR INCLUSIONS 
AND PORES IN METALS AND PLATINGS 
A new non-destructive test method for ionic 

surface inclusions in metals and for pores 

through an electro-plate or cladding, is based on 
the electrode-potential difference existing between 

dissimilar ionic materials when immersed in a 

suitable electrolyte. The so-called “local” or 

galvanic action taking place in the vicinity of an 
inclusion or pore produces an electrical field, 
provided that the inclusion and matrix materials, 
or cladding and base materials, will pass into 
ionic form in the electrolyte and that the two 
reactions do not produce equal potential 
differences. Because of this action and the 
relatively low electrical conductivity of the 
electrolyte, a measurable potential field is 


‘Maintained in the electrolyte over a relatively 


| large volume, compared with the dimensions of 





the inclusion or pinhole. 


This field can be detected by means of a 
Voltage-sensitive device connected between the 
lest sample and an electrode or probe in the 
vicinity of the inclusion or pinhole and which 
contacts the electrolyte. In many cases it is 
convenient to construct the probe of the same 
material as the test specimen, so that, in areas 
with no exposed foreign material, a zero 
Potential is obtained. This technique is not, 
however, essential, since the constant potential 
difference produced by a test specimen and a 
Probe of a different material in no way hinders 
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an observable change in the potential when an 
inclusion or pinhole is encountered. The 
method naturally depends on the prerequisite 
that the reactions of the materials involved with 
the chosen electrolyte lie at different levels in 
the electromotive series. 


From Nondestructive 
March, April 


Testing, 
1960, pp. 99-102. 


U:S.A., 


@ FLAT WELDING WIRE 


An investigation into the physical aspects of 
flat welding wire, as compared with round wire, 
has been based on observation of the arc formed 
when a flat knife-blade switch or circuit-breaker 
is operated. The apparently flat arc which 
ensues encouraged speculation as to how this 
flat arc would behave if continuous as a welding 
arc. For the purpose of this investigation round 
welding wire was flattened by cold-rolling and its 
welding characteristics observed. A width-to- 
thickness ratio of 3 : 1 appears to be the most 
favourable, and it was found that, when used 
for welding under the same welding conditions 
as the equivalent round wire, the flattened wire 
has marked directional characteristics. With the 
width parallel to the direction of travel of the 
welding head, great penetration is achieved, 
while, with the width perpendicular to the travel, 
a very wide flat bead can be laid down, though 
still excellently fusing with the base metal. 

A large flat wire of equivalent area can be 
substituted for two round wires used in tandem, 
obviating the need to synchronize the feed of 
round wires. Electrical contact along the whole 
width is far superior to that of the small arc of 
contact of a round wire, while the slit nozzle 
used to hold the flat wire rigidly prevents the 
wire from spiralling or casting, as is often the 
case with round wire. Furthermore, the metal 
deposited is uniformly dense and free from 
porosity. Nozzles or welding heads and feed 
rolls can readily be converted or adjusted to 
handle flat welding wire, which can be produced 
at a cost approximately 15% higher than 
round-wire of equivalent cross-sectional area. 
However, this additional cost is insignificant 
and is, in any case, more than offset by the 
flexibility and wide variety of bead obtainable. 

From Welding Journal, U.S.A., 

April 1960, pp. 348-35u. 


@ MECHANICS OF THE SHEET-BENDING 

PROCESS 

Sheet bending is a fabricating process in 
which initially flat sheets are permanently 
deformed into intricate shapes by the use of 
plate rolls or dies, the sheet being subject to a 
complex history of loading intimately related to 
the fabricating process. When the load-applica- 
tion device is released, the sheet tends to return 
to its initial shape—a phenomenon called 
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Beaver pre-loaded ball screws, up to 95/ efficient, 
operate at-52°C to over 400 C with no backlash... 
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Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90°, and they can operate within a tempera- 
ture range of —52° C to 400° C 
up to 170° C when lubricated. 


without lubrication, and 


Machined and ground to the highest standards of pre- 
cision enginecring Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power 
required for actuation by as much as 80°%, when con- 
verting rotary drive into linear output or force input 
into torque output. By eliminating backlash, with pre- 
loading, they give precise control over very small incre- 
ments of motion and a high response frequency. And 
when compared to conventional screw mechanisms, 
they provide a predictable operating life which is much 
longer, require much less maintenance and give more 
trouble-free operation. 


Basic design application analysis 

Bristol Siddeley engineers make an exhaustive analysis 
of each specification. And each unit is specially designed 
for its particular application. 
made 


3eaver ball screws are 
reversible or with controlled 


automatically 
















PRECISION GROUND 
SCREW THREADS 
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‘““no-back,”” with multiple or single circuits. Beay 





pre-loaded ball screws have been proved as the mo 


efficient method of converting rotary into linear thru} 


in over 2,700 engineering applications in many branche 
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| of conventional splines. The designs are very 
| effective in minimising friction, particularly when 
| high torsional and bending loads are imposed 
| during linear movement. 


*Complete technical and manufacturing co-operation wi 
Beaver Precision Products Ine, Detroit. 


For further information please write to: 

: J.B. STARKY, SALES MANAGER (BEAVER PRODUCTS 
DIVISION), BRISTOL SIDDELEY ENGINES LIMITED 

; PO BOX I7, COVENTRY, ENGLAND 
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gpringback. Springback must therefore be 
taken into consideration by deforming the sheet 
initially to an extent beyond that which is 
finally required, this extent usually being 
determined from experience or experimental 
data. It has been found that a completely 
elastic residual-stress state does not occur in 
sheet bending, in contrast to the conditions 
observed in most other plastic-flow analyses. 

This phenomenon may be ascribed to the 
fact that, in sheet bending, the neutral surface 
during plastic loading is at a position which is 
diferent from that which it occupies during the 
elastic unloading process. The portion of the 
sheet between the two positions of the neutral 
surface is subject to stresses which are of the 
same algebraic sign during loading and unload- 
ing, thus causing the persistence of a residual 
plastic region in the interior of the sheet. The 
relative size of the plastic zone decreases as the 
ratio of curvature to thickness of the sheet 
increases and, by analysis, two sets of expressions 
are obtained for residual stresses and deforma- 
tions. One of these sets applies to sheets whose 
concave surfaces have radii of curvature under 
load which are greater than 0-84 times the sheet 
thickness and is associated with a residual 
plastic zone in the sheet; the other set of expres- 
sions applies when the ratio is less than 0-84 and 
is associated with residual plastic zones near the 
concave boundary of the sheet. 


From Trans. ASME, Journal of Applied Mechanics, U.S.A., 
March 1960, pp. 34-40 


@ EFFECTS OF AIR ON THE HIGH-TEMPER- 
ATURE FATIGUE OF CARBON STEELS 
Corrosion by environment has severe effects 

on the fatigue strength of materials at high 

temperatures. Since, at room temperature, 
corrosion-resistant materials such as_ stainless 
steel have a lower fatigue strength in air than in 
avacuum, the fatigue strength of these materials 
at elevated temperatures may also be affected by 
arat these temperatures. It is therefore possible 
to consider the usual S-N curves relating to 
high-temperature fatigue in air as consisting of 

(Wo parts, i.e., real high-temperature fatigue and 

corrosion fatigue. 

As a first step in the study of atmospheric 
effects on fatigue strength, a Japanese report is 
concerned with comparative fatigue tests on 
carbon steels carried out in air and in town gas 
at $50°C in order to reduce air oxidation, under 
fotating bending and also under repeated 
lorsion. As a result, it was found that, in the 
tase of long lives and low stresses, the fatigue 
strength was higher in town gas than in air. 
However, the fatigue strength was lower in town 
gas than in air in the case of short lives under 
high Stresses; in other words, the S-N curves in 


; ir and gas cross each other. This may be 
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attributed to hydrogen embrittlement produced 
by nascent hydrogen generated by the high- 
temperature steel/steam reaction from the 
water vapour of the combustion gases. The S-N 
curve at elevated temperatures may therefore 
have a considerably different shape if the effects 
of air oxidation are removed. 


From Bulletin of the Japan Society of Mechanical Engineers, 
February 1960, pp. 76-80. 


@ IMPROVING THE STRUCTURE OF ALLOYS 

BY IRRADIATION 

According to a recently patented process, it 
has been found that the structure of metals and 
alloys may be controlled by irradiation with 
from 1 = 108to4 x 108 roentgens/gm, leading to 
negative ion formation. Thus, the packing of 
metallic atoms can be changed either to 
increased solubility, increased ductility, lower 
melting point with looser molecular arrange- 
ment, or, on the other hand, to increased hard- 
ness, brittleness, higher melting point, and very 
close molecular packing, the difference in the 
two functions depending on the valence induced 
by the irradiation. For instance, it has been 
found that by such irradiation of metal powder 
and by subjecting the powder to pressures of 
25,000 to 50,000 psi, followed by sintering, a 
greater degree of compactness is attained, owing 
to the greater degree of metallic binding. 

Particularly in the transition elements the 
“d” electron configuration plays a very import- 
ant role. Thus, in powder metallurgy, by 
irradiating the powder prior to compression and 
sintering, the resulting addition of electrons 
creates a condition of cohesion closely related 
to alloying. The electron concentration, i.e., 
the number of valence electrons per atom is 
therefore the controlling factor in the new 
process. Different metals, such as copper and 
aluminium which are difficult to join, can, when 
subjected to irradiation, be made to unite more 
readily under compression in the cold state 
when two smooth surfaces are brought into 
apposition with each other. Also, by irradiation 
it is possible to promote the rate of alloying 
between metals that are normally difficult to 
alloy, examples being the alloying of lanthanum 
and caesium with iron, and iron with vanadium. 


From Brit. Pat. Spec. 832,484. 
Union Carbide Corporation, New York, U.S.A. 





Readers desiring further information on any 
developments reported in THE BLUE PAGES 
are invited to write to the Editor. Copies of the 
full specifications of any British patents men- 
tioned, which are published by courtesy of H.M. 
Stationery Office, should be obtained from the 
Patent Office, 25 Southampton Buildings, 
Chancery Lane, London, W.C.2. Price 3s. 6d. each, 
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CROFTS STATIONARY FIELD 
MAGNETIC INSTRUMENT CLUTCHES 


Specially developed for use in the increasingly im- 







portant fields of light engineering and instrumentation, 

they have a wide variety of applications as clutch 

couplings, clutch brakes and duplex clutches. 
The standard range covers five sizes, 
transmitting torques from 4 to 420 oz ins. 
at speeds up to 20,000 r.p.m. 
Additionally, a range of positive engage- 
ment clutches, of similar sizes, transmits 
torques from 14 to 1400 oz ins. These are 
suitable for many applications where a non- 
slip drive is essential. 
It’s Crofts Instrument Clutches for rapid 
response every time! 


- seegeegewmemseaer 
Write for Publication 6013, 

| showing typical applications, 

ry and giving operating data, 
technical details, and dimen- 
sions. 
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CROFTS (ENGINEERS) LIMITED 


POWER TRANSMISSION ENGINEERS 
THORNBURY BRADFORD 3 YORKSHIRE 
Telephone: 65251 (20 lines) Telegrams: ‘‘Crofters Bradford Telex’’ Telex 51186 


REGO. TRADE MARK Branches at: Belfast, Birmingham, Bristol, Cardiff, Dublin, Glasgow, Ipswich, Leeds, Liverpool 
London, Manchester, Newcastle, Northampton, Nottingham, Sheffield, Stoke-on-Trent. 
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Hunting for a first class source of cutting 
and finishing tools for gears? 


Seek no more! In the heart of the David Brown 

organisation there is a division specialising in 

making Hobs, Shaper Cutters, Rack Cutters and Shaving Cutters—the lot 
Since David Brown have been making fine quality gears and the 


tools for cutting them for one hundred years, it follows that there 
is a wealth of experience to draw on. So, if 


you have a gear cutting or finishing problem get 
in touch with David Brown. You will find 


their area engineers very willing to help you. 






An alliance of engineering specialists in gearing, machine tools, tools 
castings, automobiles, 

THE DAVID BROWN 

CORPORATION (SALES) LIMITED 


TOOL DIVISION * PARK WORKS * HUDDERSFIELD 
oals937 TELEPHONE: HUDDERSFIELD 3500 


74 


, 
and agricultural tractors and machinery. 









@ 60 
b 
®@ No 
@ Ac 





CE 


THE ENGINEERS’ DIGEST JUN 


CONTENTS 
























Page 
INTRODUCTION 
Aims and Effects of Automatic Operation on . os a oe 77 
Relationship between Physical and Mental Strain and Degree of Automatic Operation . . 77 
Average Production Times for Various Types of Lathes a ee oe ee 77 
Variation of Ratio of Production Rate to Capital Cost with Degree of Automatic Operation 
of Various Types of Lathes a a ih = ne na a 78 
BASIC REQUIREMENTS FOR AUTOMATIC OPERATION 
Setting up the Machine ‘ Rf se si oe ~ “x 78 
Machining and other Essential Wenetions 
Processing of Numerical Information from the Drawing 4 ‘ - 1 78 
Storage of Control Information . . i ner is na 8 Ab 79 
Numerical and Functional Commands . . se su esi sn si 79 
Position Indication and Comparison with the Command Information . . 79 
TENTATIVE SPECIFICATION FOR A PROGRAMME- CONTROLLED 
MACHINE TOOL ae ae a oe as a 79 
PROGRAMME-CONT ROLLED LATHES sis ei ‘ 5 nd 80 
PROGRAMME-CONTROLLED MILLING MACHINES © sia ‘<a 88 
PROGRAMME-CONTROLLED BORING MACHINES .. sia 93 
PROGRAMME-CONTROLLED GEAR-HOBBING AND GEAR- GRIND- 
ING MACHINES ea 94 


EXAMPLES OF THE APPLICATION. OF PROGRAMME CONTROL 96 
ACKNOWLEDGMENTS 





ye Flanges can _* dulled on the 
A sic INDEX rant nll 


The only tooling required is an external or internal 


register. Drilling is performed extremely rapidly 
because indexing only takes a fraction of a secon 
Ask for literature of 8” and 16” dia. size models. 









Bog 







8” dia. Table 





‘ig 
i oH 
YG, 
oS 5 different angles \ O 
oO @ No index plates 
Pp 
So. @ Selected guaranteed accuracy 
<—_ within + 2 minutes 


© 60 different angles @ UPTO 100 INDEXES PER MINUTE 





by positioning pointer in a slot 
® No index planes Stand 426 National Hall Gallery 


@ Accuracy of repetition 0°0005” at 20” pcd (NPL figs. available) Inter. Machine Tool Exhibition 
; CENTEC MACHINE TOOLS LIMITED - CENTEC WORKS « HEMEL HEMPSTEAD - HERTS * Boxmoor 584-5-6 





IGESTJUNE, 1960 Volume 21, No. 6 75 





the complete 
machine tools & small 
tools supply 
organisation 





ABRASIVE (U.S.A.) — Vertical and Horizontal Surface 
Grinders. BECHE & GROHS (Germany) — Com- 
pressed Air and Steam Hammers. BERNINGHAUS 
(Germany) — Power Presses, Embossing Presses, Forging 
Presses. BILZ (Germany) — Special Purpose Tapping 
Chucks. BLANCHARD (U.S.A.) — Rotary Table Sur- 





face Grinders. BLOHM (Germany) — Bench Millers, DECKEL OPTICAL CO-ORDINATE MACHINg} thus, 
Surface Grinders. BOLEY (Germany) — Superfine Turn- Standardised interchangeable units permit one and the san — 
ing Machines. B.S.A. TOOLS DIVISION (Britain) — basic machine to be employed for boring, grinding a i. 
Single and Multi-spindle Automatic Bar and Chucking measuring to a high degree of accuracy. Optical co-ordinat 


4 arguec 
worktable has settings directly and easily read from screen operat 


_ ! with co-ordinate measuring recticule (accuracy of adjustmey effecti 
Limit Switches. CINCINNATI-GILBERT (U.S.A.) — 0.00012 in.). Bracket for the interchangeable heads is ¢ that tl 


aa Ms Gees on tee signed to compensate the effects of thermal expansion. — 
Engraving, Pantograph and Profile Milling Machines, Tool 
Grinders. DELAPENA (Britain) — Honing Machines. 
DETROIT (U.S.A.) — Broaching Machines. ERIE 
(U.S.A.) — Forging Hammers, Presses. GISHOLT 
(U.S.A. and Great Britain) — Fastermatic, Simplimatic and 


Machines, Centreless Grinders, Lathes, Thread and Form 
Generators, Broaching Machines, Small Tools, Broaches, 








100-— 





Equipment. KOPP (Germany) — Controlled Profile and 


Turret Lathes, Super-finishing and Balancing Machines. ™ 

Mil Mach —|-; 
GREENERD (U.S.A.)—Arbor Presses. HANSON Automatic Driving Centres, MAAG. (Switzerland) — | 
WHITNEY (U.S.A.) — Thread Millers. HILL ACME pe ‘ c | 
; ; : Gear Cutting, Grinding and Testing Machines. MITTS}- | 
(U.S.A.) — Forging Machines, Surface and Abrasive Belt : ” 60+ 

. & MERRILL (U.S.A.)—Keyseating Machines. 

Grinders. INFLAGRATOR (Germany) — Compressed 
Air H KANE & ROACH (US.A seas NATIONAL ACME (U.S.A.) — Multi-spindle Bar and 
ee (U.S.A.) — Forging Chucking Machines. POTTER & JOHNSTON(U.S.A) | $ | 
— Automatic Turret Lathes. PEE-WEE (Germany) — | ° “ob 


es — C2) Rollers. SCHAUDT (Germany) — Cylindrical 
Internal Cylindrical and Camshaft Grinders. SCHIESS 


(Germany) — Vertical Boring Mills (to 84 ft. table), 
Horizontal Boring Mills (to 84 in. spindles), Milling and 


DEGREE OF PHYSICAL 
= 


i PO 








sole Boring Machines (to 16 in. spindles), Crankpin Turning 
Machines. SCHULZE & NAUMANN (Germany) — 
agents plate Shearing Machines. SPARCATRON (Britain) — 
U.K. Spark Machining Equipment. V. & O. (U.S.A.) — Power - 
Presses. 
Fig. 1. 
Wi 
a redu 
MACHINE TOOLS achiev 


Mackadown Lane, Kitts Green, Birmingham, 33. Tel. STECHFORD 307, ope 


SMALL TOOLS, LIMIT SWITCHES /time h 
Montgomery Street, Sparkbrook, Birmingham, 11. Tel. VICTORIA 235} the 





BROACHES AND BROACHING EQUIPMENT — 
Studley Road, Redditch, Worcestershire. Tel: REDDITCH 1291 point. 
respect 


=< 


BURTON GRIFFITHS & CO. LTD: 


B.S.A. TOOLS DIVISION * The 
76 THE ENGINEERS’ DIGEST jun, 














\CHIN 


d the sant 
inding on 
co-ordinats 
‘OM screen 
adjustmer 
eads is i 
sion. 





Programme-Controlled Machine Tools 


By R. C. BREWER* 


THE aims of automatic operation of machine tools are, in 
general, fairly clear and reasonably well accepted. In 
times of rising labour rates, one aim certainly is to reduce 
production costs, but the extent to which any particular 
kind of automatic operation may be successful is governed 
very much by the level of production; for example, the 
elaborate cylinder-block transfer line of the popular-car 
producer (which may be considered as partial automation) 
is of no economic use to the company which produces a 
few hundred luxury cars a month, inasmuch as, to such a 
company, a numerically controlled jig borer may be far 
| more useful. 

Automatic operation is more likely to be successful 
asa means of reducing the number of operators required ; 
thus, eight centre lathes would require eight skilled 
operators, whereas eight single-spindle automatic 
screwing machines could be tended by one skilled setter 
and a feeder under almost all conditions. It might be 
argued that this advantage is not strictly due to automatic 
operation, inasmuch as a centre lathe on power feed is 
| effectively automatic in operation, but rather to the fact 
that the automatic screwing machine will run without the 
attention of the operator for a sufficiently long period to 
enable him to deal with other machines. 
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Fig. 1. 


With an increase in the degree of automatic operation, 
4 reduction in physical and mental strain is certainly 
achieved when only one machine is tended. If, however, 
‘an operator is assigned to more machines because the 
lime he has to devote to each decreases with an increase 
inthe degree of automatic operation, then the strain he 
undergoes may actually begin to increase when the 
degree of automatic operation increases beyond a certain 
Point. This is illustrated in Figs. 1 and 2, which show 
spectively degree of physical and mental strain as a 
function of degree of automatic operation, and which have 
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The Imperial College of Science and Technology, London. 
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been plotted from figures given by Moll and Ulbrichtt. 
It will be seen from these graphs that, beyond a degree of 
automatic operation of about 40%, there is a progressive 
decrease in both physical and mental strain if only one 
machine is tended, as shown by the dotted lines in Figs. 1 
and 2, whereas the curve begins to rise in both cases (solid 
lines) when the operator is given enough machines to 
keep him fully occupied. The effective relationship lies 
somewhat below the upper curve, but it should be borne 
in mind that these curves must be arbitrary to some 
extent, however small, since the assessment of psycho- 
logical and physiological effort is partly subjective. Moll 
and Ulbricht arrived at their figures by assessing mental 
and physiological load factors for the fundamental 
operations which the operator has to perform. 

Another desired effect of automatic operation is a 
reduction in the average time required to produce each 
component, i.e., the time obtained by dividing the sum of 
the set-up and machining times by the number of 
components produced. Owing to the increase in set-up 
time which frequently accompanies an increase in auto- 
matic operation, a reduction in average production time 
per component is only obtained if the size of batch being 
produced exceeds a certain value. This is shown clearly 
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Fig. 2. 


in Fig. 3, in which average production-time curves are 
drawn for centre and turret lathes and for single- and 
six-spindle automatics, the component in each case being 
the same. The fact that the automatics yield the best 
production times for such small batches is because the 
component was rather large in this particular instance. 

It is evident, from the previous paragraph, that the 
extent to which the production rate of a centre lathe may 
be improved by replacing it by a turret lathe or some kind 





+ H. MOLL and W. Utsricut: ‘“Heutiger technischer Stand und 
Entwicklungstendenzen in der Automatisierung der Fertigung, am 
Beispiel einer Automobilfabrik” ; Werkstattstechnik und Maschinen- 
bau, Vol. 47, p. 117 
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Fig. 3. Variation of average production time per component 
with of cor , for various types of lathe, in the 
case of fairly large components. 





of automatic can only be discussed in terms of a specific 
component. However, a comparison can be effected by 
using average figures for the production rates of the 
various types of lathe. If, for each type, the production 
rate is expressed as a ratio of the capital cost of the 
machine, a curve such as that shown in Fig. 4 is obtained. 
It would appear from this curve that there may be an 
optimum ratio of production rate to capital cost which 
occurs with a degree of automatic operation lying 
between the turret lathe and the single-spindle automatic. 
This suggests a machine with almost the degree of auto- 
matic operation of the automatic and at a capital cost 
little greater than that of a turret lathe. 
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with degree of automatic operation. 

It is the object of this survey to assess the feasibility of 
such a type of machine and to discuss its advantages and 
limitations. Although the argument so far has centred 
on the lathe, it is equally applicable to other kinds of 
machine tool, but it should be stressed that the discussion 
is concerned with general-purpose machines, the object 
being to increase their degree of automatic operation 
without sacrificing any of their versatility. For this 
purpose, it is considered desirable to summarize the basic 
requirements for the automatic production of components 
by means of machine tools, and to compare relatively 
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inexpensive systems with numerically controlled machine 
tools, which have already formed the subject of a previous 
survey *, 


Basic Requirements for Automatic 
Production 


The automatic production of any component with 
machine tools can be divided into two fundamental 
stages, i.e., (1) setting up the machine, and (2) the actual 
machining and those functions connected with it which 
are a necessary technical part of producing the component, 
Loading and transferring between operations, where 
necessary, are theoretically inessential, but can rarely be 
eliminated, though they can be rendered more automatic, 
Except in such cases as transfer lines, these functions 
take place before and after the machining stage and 
neither affect the problem of control nor are affected by 
it, whereas setting-up time is affected. 


Setting up the Machine 

Setting up the machine is to some extent necessary, 
irrespective of how the machine may be controlled, but, 
until the advent of numerical control, a greater degree of 


automatic operation was always associated with ; 


increased setting-up time. Numerical control first 
brought automatic operation into the field of small- 
number production but, for many components, the cost 
of numerical control is too high. The economic pro- 
blems of numerical control have been discussed in more 
detail by Millyard and Brewert, and it is clear that, for 
many applications, automatic operation is often required 
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for batch production. Numerical control is, however, 
inherently expensive and its cost cannot be reduced 
indefinitely, so that some alternative form of automatic | 
or partly automatic control is evidently needed in the 
field of small-number production. It must nevertheless| 
be accepted, ah initio, that such a form of control will 
undoubtedly demand a longer setting-up time. 


Machining and other Essential Functions 

The actual machining stage is where the real effect of 
automatic control is felt in small-number production and} 
covers both machining itself and functional commands, 
such as the control of machine motions (speed and feed 
selection, turret indexing, etc.), and the supply of cutting 
fluid. Automatic machining involves the following 
steps : 


(1) Processing of Numerical Information from the 

Drawing:— 

The information contained in an engineering drawing 
is rarely in a form which is directly useful for automatic 
production. For example, if a stepped shaft is to b 
turned, the drawing carries numerical information 
concerning the diameters of the steps, whereas, from the 
point of view of controlling the lathe, the displacements 
of the cross-slide are more important. 

The amount of calculation needed to obtain the 
numerical information for controlling a machine tool 
may be simple and easily entrusted to the operatof 





* Engineers’ Digest Survey No. 5: ‘‘The Numerical Control ol 
Machine Tools”, by R. C. Brewer. 2nd edition, revised an¢ 
enlarged; September 1959. 


+ P. W. Mittyarp and R. C. Brewer: “Some Econom 





Aspects of Numerical-Controlled Machine Tools”; The Produ 
tion Engineer, Marcn, 1960, p. 141. 
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revious | it may be so complex, as in the case of a three-dimen- 
sional surface, that only a digital computer can 
effectively perform processing of the data. Here, then, 
is the first requirement for a cheaper alternative form of 
control for batch production, i.e., that processing of the 
numerical information contained in the drawing must be 
it with | done without the need for complex equipment. At the 
mental \ same time, of course, this imposes a limitation on the 
actual { scope of the system, since any profiles which are more 
which | complicated than a straight line must, if accommodated 
sonent, | at all, be handled by copying methods or form tools. 
ne (2) Storage of Control Information: 
rely be The information obtained from the drawing, when 
omatic. } converted to a form suitable for automatic control, 
pega must be stored for a certain amount of time. For a single 
be and component or a small batch being produced under 
cted by human control, the information for a specific operation 
is normally retained only during this operation. The 
use of decade switches and telephone dials in numerical 
| control is an instance of this very limited retention of 
an information in the field of automatic control, and might 
: . be called ‘‘short-time storage’. For many forms of 
on automatic control, the information is often stored only 
I Po | while the batch is being produced ; this may be referred 
I to as temporary storage, since the processing must be 
Peg done again when the next batch is produced, one example 
ne being the setting of trips or dogs in capstan and turret 
: lathes. 
a tie There is sometimes an advantage in being able to 
at, wl store this information permanently, e.g., by the punched 
pit cards or tape used in many numerical control systems. 
' However, these conventional forms of permanent 
reduced storage require quite costly readers and, at their present 
ere price level, cannot be considered for any inexpensive 
cthaian| system of automatic control. 
rol will) (3) Numerical and Functional Commands: 
| The numerical information, calculated from the 
engineering drawing, must be used to control the 
machine tool and defines the required geometrical 
effect of, movements and velocities of the machine elements or, to 
‘ion and} use automatic control terminology, it is the command 
amands,} information. This information may be supplied to the 
ind feed) machine by human agency (e.g., the lathe operator who 
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has calculated that the cross-slide must move in by x 
inches) or automatically (by means of cams, tape or card 
readers, etc.) It is one of the chief disadvantages of 
Many modern semi-automatic machine tools that this 
Stage still requires a human operator. 

The chief functional commands, in the case of a 
turret lathe, are as follows :— 

(a) Selection of speed and feed in magnitude and 

direction. 
(b) Indexing movements of the turret. 





(c) Stopping and starting spindle rotation. 

(d) Initiation of the various stages at the correct 
time and in the correct order for producing a 
component. 

Again, these commands may be issued by human or 

automatic means. 


(4) Position Indication and Comparison with the Command 
Information: — 





Some means must be available for determining the 
actual position of each moving element and comparing 
)t with the required position (command information), 
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and this can be effected in one of three ways, i.e., 
continuously, step-wise, and discontinously. 

With the continuous method, a constant check is 
made on the position of each moving element, and the 
motion is maintained all the time there is a difference 
between the desired and actual positions. To be strictly 
continuous, the check must be made automatically, 
hydraulic or electrical means usually being employed, 
though a form of continuous control is exerted by a 
craftsman watching the micrometer drum on his hand- 
wheel spindle. 

With the step-wise method, the check is made at 
several discrete intervals and may consist of measuring 
the position of the moving element or checking the 
dimension itself with a gauge. 

With the discontinuous method, the comparison is 
made only at the end of a motion. It is now impossible 
to exert continuous control, and the motion in question 
must be a simple basic movement of a slide, table, or 
tool-head along its ways (or two basic movements 
performed simultaneously under synchronized condi- 
tions). In this case, position indication and comparison 
can be effected in one unit by employing a device such as 
a limit switch, proximity switch, or light beam and 
photo-cell. 


Tentative Specification for a Programme- 
Controlled Machine Tool 


At this stage, it is possible to formulate a tentative 
specification for an inexpensive method of automatic 
operation, particularly suitable for small-number produc- 
tion. In this connection, it should be mentioned that 
there is a certain difficulty in terminology, inasmuch as 
the type of control to be discussed has various designa- 
tions, such as automatic sequence control, automatic 
cycle control, and low-cost automation. It is, however, 
probably best known as programme control and, 
although some objection could justifiably be raised to 
this designation, it is commonly accepted and, for this 
reason, is used throughout this survey. 

This tentative specification for programme control is 
based on the following stipulations :— 

(a) Setting-up time may be appreciable. 

(b) Loading and unloading may or may not be 

automatic. 

(c) As the use of such items as cams is not envisaged, 
lead time will be relatively small for the degree cf 
automatic operation considered. 

(d) Calculation of command information from the 
engineering drawing will be carried out by human 
means. 

Storage of command information may be tem- 
porary or permanent, according to the application 
considered. 

Numerical and functional commands will be 
given to the machine automatically. 

Position indication and comparison will be 
effected not only automatically, but discon- 
tinuously, since this affords the opportunity of 
considerably reducing the cost, as compared with 
numerical control. 

(h) There will be some method of ensuring that the 
various stages are performed at the correct times 
and in the correct sequence. 

It will be appreciated from this specification that such 

a form of control will have limitations, mainly governed 
by the fact that only basic machine movements may be 
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used; for example, a milling machine will only produce 
plane surfaces and a lathe will only perform sliding and 
surfacing operations, unless some simple form of copying 
can be included in the control system. 

Furthermore, for each operation, the moving element 
has only to be set in motion at the correct velocity and 
allowed to proceed at this velocity until it reaches its 
final position; thus, setting up the programme is largely 
a matter of specifying the functional commands. As with 
numerical control, it is easier to do this electrically (or 
electronically), although there is no inherent reason why 
it should not be done mechanically, hydraulically, or 
pneumatically. 

Normally, some upper limit is placed on the number 
of stages in the programme (i.e., the number of steps in 
producing the component) and since, for each of these 
stages, any of the functions may be required, a rectangular 
array of controls, in columns and rows, suggests itself. 
The control may be two-way switches, push-buttons, or 
any other device which will make or break an electrical 
circuit. One very popular device is the plug-board with 
holes arranged in a series of vertical columns, the inser- 
tion of a plug in one of these holes making an electrical 
connection between two bus-bars or blocks located 
behind the board and, in this way, initiating the requisite 
operation. © 
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Fig. 5. The principle of the unis*lector or stepping switch. 








This initiation must occur at a definite instant of time, 
i.e., when the previous operation has been completed. A 
convenient way of accommodating the time element is to 
employ a stepping-switch or uniselector, which is a 
multi-way switch moving from one position to the next 
when a solenoid (contained in the switch) is energized, 
as shown diagrammatically in Fig. 5. Each contact of the 
lowest deck of the switch is connected to a micro-switch 
whose contacts make at the conclusion of the relevant 
operation and which is usually the means by which 
accurate positioning is achieved as well. Closure of the 
micro-switch contacts completes the circuit through the 
solenoid, causing the arms of the switch to move forward 
to the next position. This movement breaks the solenoid 
circuit, and it remains broken until the next operation is 
complete. 

Many of the functions commanded, such as feed 
selection, cross-slide movement, turret indexing, etc., 
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require power at some level, and this may be provide 
electrically, hydraulically, or pneumatically, as will 
seen later. Of the different ways in which the subjec 
might have been treated, the author has chosen t 
consider separately each type of machine tool to whic 
this type of control can be applied, i.e., lathes, milling 
machines, boring machines, and gear-hobbing and gear. 
grinding machines. 





PROGRAMME-CONTROLLED LATHES 


Because of its lack of provision for multi-tooling, the 
centre lathe has been comparatively neglected in applying 
programme control, by far the greatest number of 
applications having been to some variation of the turret 
or capstan lathe. One of the few exceptions is the copying 
lathe but, in most cases, the control has been limited to 
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The six standard programmes of the 
**Heycomat”’ copying lathe. 


Fig. 6. 


Fig.7. The programme-controlled ‘‘Heycomat”’ copying lathe. 
(Courtesy of Heyligenstaedt und Comp. Werkzeugmaschinenfabrik G.m.b.H) | 
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Fig. 9. The “Frontor 35”’ lathe, showing the loading arm. 




















Fig. 8. Diagrammatic representation 
of a programme for rough- and copy- 
machining a forging. 
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the selection of longitudinal feeds and possibly to the 


programming of the cuts for a multi-cut lathe. The new 
Heyligenstaedt ‘‘Heycomat’’ copying lathe, however, 
offers the possibility of reducing copying time by the 
addition of an automatically programmed auxiliary 
carriage, which has the six programmes shown schematic- 
ally in Fig. 6. Where kinematically possible, operations 
from this auxiliary carriage can proceed simultaneously 
with normal copying operations. A view of the 
programme-controlled ‘‘Heycomat’’ copying lathe is 
shown in Fig. 7. 

Similarly, a number of copying machines made in 
Czechoslovakia have been equipped with programme 
control, these varying from quite simple to fairly complex 
systems capable of programming a series of roughing 
cuts before the finishing cut, which is made under 
template control, as shown in Fig. 8, which is a diagram- 
matic representation of a programme for rough- and 
copy-machining a forging. 

The *‘S Pilote’’ copying lathes of the French company, 
H. Ernault-Batignolles, have a rather unusual system of 
permanent storage, i.e., two separate punched cards. 
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(Courtesy of J. G. Weisser Sohne) 
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One card, which is quite short and is wrapped round a 
small-diameter drum, has five channels and prepares the 
machine for a specific mode of operation; for example, 
along the card there are four positions (for each channel) 
which may be punched with a rectangular hole and, in 
the channel marked ‘‘cycle restarts”’, the punching of one 
or more holes indicates how many cuts will be taken (up 
to a maximum of four). The other four channels are for 
feed reduction, rapid traverse, reverse feed, and cross- 
feed slide. 

It should be noted that the shorter card only prepares 
the machine and, unless the longer card, which is wound 
round a larger-diameter drum, is also punched in a 
corresponding manner, the operation will not take place. 
The longer card, however, has another function, i.e., 
that of controlling the travel of the tool, which is effected 
through the length of a rectangular hole punched in it. 
The time taken to prepare these cards is less than that 
required for setting the dogs on a conventional machine, 
so that, if the accuracy obtained is comparable, the 
Ernault-Batignolles system represents an appreciable step 
towards the reduction of lead and set-up times. 

The ‘*Synchromat’’ lathe manufactured by Salomé 
Fréres is a special type of centre lathe with two hydraulic- 
ally operated carriages, but these carriages are mounted 
one above the other on four slides lying in a vertical 
plane, so that the radial movement of their cross-slides is 
vertical and not horizontal. The movements of the 
carriages and cross-slides can be programmed to follow a 
chosen cycle of operations and, for each operation, the 
spindle speed may be preselected by means of a plug- 
board mounted on the headstock. Apart from conven- 
tional stepped turning, double- and multi-cut copying 
operations can be programmed. 

The new *‘Frontor 35’’ semi-automatic lathe, manu- 
factured in Germany by Weisser, is intended for short 
workpieces and is operated from what would normally 
be called the tailstock end of the machine, but which now 
becomes the front of the machine, considerably reducing 
walking time when several machines are handled by one 
operator. A view of one of these machines is shown in 
Fig. 9, in which the loading arm can be seen above the 
chuck. On completion of the last slide motion, the 
loading arm swivels, so that the blank-holder takes a new 
blank from the feeding attachment while the finished- 
product arm takes the workpiece from the chuck. The 
loading arm then rotates through an angle of 80 deg., 
and the new blank is placed in the chuck while the 
finished workpiece is placed in the ejector slide, the time 
for loading and unloading being 8 sec. The feeding and 
ejector slides are made adjustable, so that work of 
different sizes can be accommodated. 

The control unit of the Weisser *‘Frontor 35°’ lathe 
has six definite turning programmes, which are illustrated 
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to the turret stations, and any desired 
function is brought into operation by 
short-circuiting the relevant pair of 
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Fig. 10. The six programmes of the control system for the 


schematically in Fig. 10, the dotted lines indicating rapid 
feed. (Dotted lines are used to indicate rapid feed in all 
subsequent illustrations.) If the machine is hydraulically 
controlled, programmes (e) and (f) are not available. In 
all cases where there is a change-over from rapid traverse 
to normal feed (indicated by solid lines) during one 
straight-line motion, the change-over point can be 
anywhere along the line. If the machine is not equipped 
with a loading arm, the work spindle is automatically 
braked on completion of the work cycle, and the chuck 
is opened by operating a foot-switch. Definite spindle 
speeds from 95 to 1500 rpm are obtained by means of 
pick-off gears. Feeds, hydraulically powered, are 
infinitely variable from 0-002 to 0-028 in./rev. The 
method of selecting the spindle speed is perhaps not as 
satisfactory as it might be, even though the manufacturers 
claim that the pick-off gears ‘‘are arranged on a multiple- 
spline shaft and can easily be removed by means of a 
special key’’; on the other hand, for the simple turning 
programmes envisaged on this type of lathe, any provision 
for automatic speed selection would be of help only in 
setting up the machine, since there are no speed changes 
within the programme. A number of auxiliary attach- 


ments, such as copying units, hydraulically actuated 
toolposts, etc. are available, if required. 





Fig. 11. The plug-board of the Herbert programme-control 
system. 

(Courtesy of Alfred Herbert Ltd.) 

Applications to turret lathes have varied quite 
considerably in complexity. A comparatively simple 
system is that used by Alfred Herbert Ltd. for their own 
No. 2D capstan lathe, the only functional command 
being control of spindle speed. The essential parts of the 
system are a plug-board and limit-switches. The plug- 
board has twelve vertical columns of holes, arranged in 
six pairs and numbered from one to six, corresponding 
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“Frontor 35"’ lathe. 


holes with a short plug lead, as shown 
in Fig. 11. There are thirteen rows of 
holes corresponding to the various 
functions to be controlled, as 
follows :-— 

Rows | and 2 are for the selection 
of the direction of spindle rotation; 
for each turret face a plug must be 
inserted in one of these two rows, 
Rows 3 to 6 determine the speeds at 
which the motor runs, and one of 
these rows must be selected according to the desired speed. 
Continuing the usual practice of the company, a four- 
speed pole-changing motor is employed as the basic source 
of speed change. Rows 3 to 6 are coded A, B, C,and Don 
the plug-board. 

Rows 7 and 8 are colour-coded yellow and blue on 
the plug-board and make it possible to provide eight 
speeds for any given programme. Actually, however, 
the machine has sixteen speeds, since there is a pair of 
pick-off gears which can provide either a normal speed 
range of 160 to 2550 rpm or a low speed range of 50 to 
810 rpm, though one or the other speed range must 
naturally be selected for a given programme. 








ee 





Fig. 12. The stop-barrel and pegs for operating the limit-switches 
in the Herbert programme-control system. 
(Courtesy of Alfred Herbert Ltd.) 


Rows 9 to 11 are spare rows on the present system, 
while row 12 is provided for changing the direction of 4 
spindle rotation and is used for such operations as tap 
withdrawal. Row 13 provides the function of stopping 
the spindle. 

In operation, the appropriate column of holes 1 
selected by limit-switches which are operated by pegs on 
a stop barrel (Fig. 12); thus, since the programme 
consists solely of varying the cutting speed at times when 
the turret is indexed, the turret itself can be used instead 
of a stepping switch. The machine is equipped with the 
standard Herbert automatic weight-operated bar-feed 
unit and air-operated chuck, enabling the bar to be fed 
forward by a preset amount, and the system is so arranged 
that the chuck will remain open unless the bar is fed 
forward by the correct amount. 

Programme control for spindle-speed selection and 
direction of rotation is also fitted, for example, ‘0 
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ion by “Accuratool’’ lathe distributed by Dowding & Doll Ltd. hexagon turret and 48 longitudinal and 48 cross feeds for 
air of In Italy, Minganti have extended control of functional the square toolpost. The upper six rows of slots on the 
shown | commands to feed, as well as speed, and the actual control panel correspond to the stations of the hexagon 
dws of & physical process of setting up the programme is somewhat turret, while the lower four refer to the positions of the 
arious | easier. Instead of a plug-board, use is made of a panel, square toolpost. Pilot lamps illuminate to show which 
i, as | mounted on the front of the headstock, with ten rows of turret or toolpost is working at that instant. All gears 
horizontal slots in which push-button knobs slide. Thus, run in constant mesh and speed changing is effected in 
ection | each horizontal row is, in effect, the deck of a multi-way the following manner :— 
ation: , switch straightened out, the movement of the knob Driven gears are mounted on, or are integral with, 
ist be corresponding to the motion of the contact arm. From sleeves which rotate freely on the driven shaft. Each 
rows, | Fig. 13, it will be seen that there are two push-button sleeve is connected to one set of friction discs of an 
eds at electromagnetic clutch, and the other set of discs to the 
ne of driven shaft, so that, as soon as a given clutch is excited, 
speed, the gear on the corresponding sleeve is coupled to the 
four- driven shaft. These clutches are actuated by electrical 
ource circuits set by the push-buttons on the control panel and 
[Don closed through contacts corresponding to the faces of 
the hexagon turret. Indexing of the square toolpost is 
ue on not automatic and, on rotating from one position to 
eight another, the four-way switch at the right-hand side of 
vever, the control panel must be reset to its new position. The 
air of automatic operation of the hexagon turret can be 
speed dispensed with by setting the *‘schedule cycle switch’’ to 
50 to the *‘orF”’ position; in this case, speeds and feeds may be 
must / commanded at the time required by moving the push- 
| botton knobs to a new position. The general kinematic 
scheme of the Minganti system is shown in Fig. 14. 
: The versatility of the machine may be further 
ad : increased by optional auxiliary attachments, such as 
ie ee : mve taper-turning and hydraulic copying mechanisms. The 
Fig. 13. The control panel of the programme-control system for Minganti 50 E automatic is equipped with a similar 
« sical nell inde. icons system of control but, for these machines, the cross-slides 
sii ne Dea ee derive their feed motion from that of the hexagon turret 
knobs for each row; for a given row, the left-hand knob and not independently, as is the case with the square 
can be set in any one of twelve positions corresponding toolpost of the turret lathes. For this reason, the control 
to 12 spindle speeds, and the right-hand knob in any one panel has only seven rows of slots, six for the stations of 
of eight positions corresponding to 8 basic feeds, though the hexagon turret and the seventh for semi-automatic 
there are, in fact, gears similar to pick-off gears which operation, i.e., for using the machine as a turret lathe, 
may be used to increase the number of actual feeds by rather than as an automatic lathe. For this semi- 
RUNNING © STOP O MAIN 
FORWARD REVERSE MOTOR 
Qo CONTROL 
co 
RUNWING ° SPINDLE 
SPINOLE-SPEED sToP ° CONTROL 
vitches CONTROL CIRCUITS 
rt Ltd.) SE LECTOR SWITCH f © (01 
SQUARE TOOL HEXAGON 7 
ystem, WW | “ecorenes mae inca t } lae_sa 
ion of | AND | RACK AND | RACK AND Sees — = 
: GEARING PINION PINION - = 
aS tap — See ye 
ni <# : 
les is “SPEEDS. FEEDS. 
CLUTCHES AND CLUTCHES anol 
>gs on f GEARING ‘ GEARING | siiaite 
amme .% bo conn CIRCUITS 
er ceanaox | 
F HAFT 
th the FEEDS —] Frees 
r-feed Tekteeic ] FAST-TRAVERSE 
be fed MOTOR SHAFT 
anged } 
is fed pnw] 
| GEARBOXx 
n and } | LEADscREw L — ___] LEADSCREW 
i 
le, to 


Fig. 14. The general kinematic scheme of the Minganti programme-control system. 
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automatic operation, a square toolpost is available with 
seven working feeds to either of two ranges of feed. The 
machine can be equipped to work as either a chucking or 
bar automatic. 

In Hungary, the model RT8OP turret lathe, marketed 
by Technoimpex, and the ‘‘Codimatic’’ turret lathe, 
manufactured in France by E.U.S.D., are also equipped 
with programme control for spindle-speed and feed 
selection, but are set up by means of a conventional 
plug-board. A general view of the programme- 
controlled *‘Codimatic’’ turret lathe is shown in Fig. 15, 
and a close-up of its plug-board in Fig. 16. 
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Fig. 16. Close-up of the plug-board used in the ‘‘Codimatic”’ 
programme-controlled turret lathe. 
(Courtesy of E.U.S.D.) 


One interesting variation on the plug-board /push- 
button theme is that used by Liechti in Switzerland, in 
conjunction with their DR 650 chucking automatic, 
which is intended principally for workpieces of high 
diameter /length ratio. The most characteristic feature 
of the machine itself is that it has two completely 
independent turret slides, each with four indexing 
stations and its own built-in copying unit. The most 
interesting feature of the control system, however, is the 
use of two punched steel bands as the means of pro- 
gramming the machine; thus, the system provides a 
permanent means of storing the numerical information, 
whereas the previous systems merely offer temporary 
storage. 

In this Liechti system, small rivets are inserted into 
holes in the steel bands to give the required programme 
(Fig. 17), and the purely mechanical system of control is 
initiated by compressed air, so that the system has, in 
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Fig. 15. The ‘“*Codimatic”’ programme. 
controlled turret lathe. 
(Courtesy of E. U.S.D.) 


effect, a “‘pneumatic reader’, A 
small rotary piston compressor 
supplies compressed air for the 
machine, an air reservoir ensuring 
a constant supply pressure. The 
turret slides can be moved at any 
one of twelve standard feeds long- 
itudinally and/or 
Selection of feeds and spindle 
speeds, together with operation of 
the clutches for reversal of direction and changing from 
fast to normal feed rate, is automatically controlled by the 
steel bands. Facilities are also provided for copying 
operations. 

One British system which carries the degree of 
mechanization virtually to that of a single-spindle auto- 
matic is that produced by Nickols Automatics Ltd. So 
far, the system has only been applied to the most popular 
sizes of Ward and Herbert capstan lathes, but the 
company is preparing equipment for larger capstan and 
turret lathes and these will be available in due course. A 
great advantage of the system is the ease with which 
conversion can be made, and, indeed, reconversion of the 
machine to its original form, if necessary. A general 
view of a Ward capstan lathe, converted for automatic 
operation with the Nickols system of control, is shown 
in Fig. 18, from which it will be seen that several standard 
items of equipment have been removed, while other 





Fig. 17. The control panel of the Liechti programme-control 
system, showing the punched steel band and rivets. 
(Courtesy of Liechti & Co. Ltd.) 
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Fig. 18. A Ward capstan lathe fitted with the Nickols pro- 
gramme-control system. 
| (Courtesy of Nickols Automatics Ltd.) 


auxiliary items (mainly pneumatic) have been added to 
{ the machine. There is, of course, no reason why a 
| capstan lathe should not be designed to incorporate these 
items as an integral part of the machine tool and, as the 
concept of programme control gains favour, there will 
undoubtedly be lathes specially built for this form of 
, automatic control. 
| The principal 
| follows :— 
(a) To control the movement of the cross-slide, one 
air-operated cylinder is bolted to the rear vertical face of 
the cross-slide, and a second to the rear vertical face of 
the saddle. The piston rods of these cylinders are con- 
nected at their free ends by a vertical coupling-plate, so 
, that, if air is admitted to the right of the piston in the 
| lower cylinder, the piston will be driven to the left-hand 
end of the cylinder, and the coupling-plate becomes 
effectively fixed, as shown in Fig. 19. If air is now 


additions and alterations are as 
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Fig. 19. The pneumatic system for driving the cross-slide in the 
Nickols programme-control system. 


} admitted to the left of the upper piston, the cross-slide 
will be driven to the left, movement of the cross-slide in 
the opposite direction being achieved by admitting air to 
the right of the upper piston and to the left of the lower 
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Fig. 20. The control cabinet of the Nickols programme-control 
system. 
(Courtesy of Nickols Automatics Ltd.) 


piston. The air pressure employed is 80 to 100 psi and 
provides sufficient force for a high rate of traverse; 
hydraulic check cylinders are used to obtain the final 
slow-down automatically, these cylinders being actuated 
by the coupling-plate coming into contact with an 
adjustable nut on the piston rod of the check cylinder. 

(b) The turret locking handle has been removed and 
replaced by an air cylinder and piston. Indexing by the 
normal mechanism can proceed if there is no air pressure 
on top of the piston. 

(c) The normal disc at the rear end of the turret slide 
has been removed and replaced by one of larger diameter. 
The normal turret stops are screwed into this disc but, in 
addition, six long screwed rods are carried by the disc 
near its periphery, these rods being steadied at their free 
ends by an annular member. Each rod carries a stop 
collar which can be positioned by two lock-nuts. As the 
turret slide moves forward, a point is reached at which 
the relevant stop collar contacts a pivoted roller, operating 
a limit-switch which energizes the circuit for the slow 
feed rate. 

(d) The handwheel for moving the capstan slide has 
been replaced by a pinion which meshes with a hydraulic- 
ally driven rack. The pinion, rack, and hydraulic 
circuitry are contained in the cast cover, which can be 
seen in the left foreground in Fig. 18. The limits of 
movement are controlled by micro-switches, and 
hydraulic check cylinders are again used to actuate a 
final slow-down. 

(e) A pinion is mounted on the feed-shaft (instead of 
the usual change lever) and this meshes with a gearwheel 
whose position is changed by a lever mechanism operated 
by two small air cylinders. In this way, mechanization 
of feed selection is achieved very easily. 

(f) Selection of spindle speed depends on how these 
speeds are derived. In the case of the Herbert No. 2D 
capstan, the four basic speeds are obtained by pole- 
changing, so that standard electrical circuitry can be used. 
Each of the four basic speeds provides two speeds 
through standard gearing, the speed required being 
obtained by setting a clutch to select either the high or 
low speed. In applying the Nickols system to Herbert 
lathes, a solenoid valve has been used to obtain the 
correct clutch setting. 

The control cabinet is shown in Fig. 20, and its actual 
size may be judged by comparison with the lathe itself 
in Fig. 18. The front panel of the cabinet consists of 
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Fig. 21. The plug-board on the ‘‘Unicop” 


copying lathe. 
(Courtesy of Heidenreich & Harbeck) 


two half-panels, the upper of which is a standard unit. 
The lower half-panel may be varied to suit the particular 
machine to which the system is applied, but it will 
normally carry four horizontal rows of single-pin 
sockets (24 in each row in the panel shown in Fig. 20). 
In the lower half of the cabinet, the only component is a 
multi-way stepping switch. The sockets on the front of 
the lower half-panel are connected in quadruplets to the 
four banks of contacts of the stepping switch, which thus 
serves as a distributor, since each column of four sockets 
on the front of the panel is energized successively as the 
wiper-arm of the switch moves around the contacts. 

With regard to the upper half-panel, it will be seen 
from Fig. 20 that there are two horizontal rows of 
sockets which are labelled to indicate their 
functions. The sockets in the upper row, 
collectively termed Motions, are concerned 
with spindle speeds, feeds, and the motions of 
the cross-slide, turret,etc. The sockets are 
permanently connected to the solenoids of the 
air-cylinder control valves. The sockets in the 
lower row are connected to the various micro- 
switches on the machine and are collectively 
called Signals, because they provide the signals 
that certain operations have been completed 
and that the stepping-switch wiper-arm 
should move to the next contact. 


Fig. 22. The MAS AB-80 lathe, specially designed 
and built for programme control. 
(Courtesy of Strojexport) 





In addition to the setting time for the capstan itself. 
there is an additional time, of the order of 10 to 2 
minutes, for setting up the automatic controls. As 
already mentioned, the upper half-panel of the control 
cabinet carries two rows of sockets, one for motions and 





the other for signals. For each operation, one or more 
of the relevant four sockets on the lower half-panel are 
connected by plug leads to the requisite Motions and 
Signals sockets. Thus, to summarize, the sockets in the 
upper half-panel are concerned with the functions which 
have to be performed and with the information that 
they have been completed, while the sockets in the lower 
half-panel provide a convenient method of grouping 
functions for the various operations to be performed, and ‘ 
the stepping switch ensures that the operations are 
performed in the correct order and, in conjunction with 
the micro-switches on the machine, at the right time, 

All new turret lathes manufactured by the Vereinigte 
Drehbank Fabriken (VDF) group of German companies 
incorporate programme control for spindle-speed and 
feed selection, the sequence of speeds and feeds being 
permanently stored on a punched card prepared in the 
planning department. The operator has merely to insert 
plugs in a plug-board according to the pattern of 
holes on the punched card, but indexing of the turret 
must still be performed manually. 

The VDF *‘Unicop” copying lathe, manufactured by 
Heidenreich & Harbeck, is also equipped with a form of 
programme control for normal and rapid feeds and | 
spindle speeds, the limits of movement being governed 
by micro-switches actuated by trip-dogs. There ane | 
eight slots in which these trip-dogs can be set and, since 
these slots are scanned in succession, eight different 
patterns of motion along each axis can be set up and/| 
interpreted unequivocally by the control system. Setting 
the sequence of operations is effected by joining pairs of 
sockets, one in an upper panel and the other in a lower 
panel, as shown in Fig. 21, in a manner similar to that 
described in connection with the Nickols system. | 

A machine of comparable versatility is the AB-8 
lathe made in Czechoslovakia by MAS and marketed by 
Strojexport. As will be seen from Fig. 22, this has 4 
substantial turret drum which indexes about a horizontal ) 
axis parallel to the spindle axis. Movement of all three 
cross-slides, bar feeding and clamping, and indexing and | 
fixing of the turret drum are carried out hydraulically and 
may be automatic if the programming system is used. | 
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itself Interest in vertical turret lathes has increased 
to 0 considerably in recent years, probably because of the 
more serious attention which has been given to the 
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Fig. 23. The plug-board of the Dérries programme-control 
system. 

(Courtesy of O. Dérries A.G.) 
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In the system employed by the German company, 
0. Dorries A.G., for their vertical turret lathes, the 
II three plug-board has twenty-seven columns (corresponding to 
ae sail the functions to be selected) and twenty rows (correspond- 
Hy and | ing to the number of operations in the programme). In 
ert this plug-board, illustrated in Fig. 23, the first ten 

» columns (from the left) are for selecting spindle speeds, 
and the next six columns are for selecting the magnitude 
of normal power feeds. The machine, however, has 24 
spindle speeds and 16 feeds, so that it will be clear that 
the number of columns required has been considerably 
reduced by using what appears to be a coding system 
but which is, in fact, based on the combinations of 
clutches and gears to derive any desired speed or feed. 

A further column is used for rapid traverse and four 
columns for selecting the eight directions of feed, these 
four columns referring to what might be arbitrarily 
called north, south, east, and west; the remaining four 
directions are at 45 deg. to the main directions and are 
obtained by inserting two plugs (instead of one), this 
having the effect of commanding two movements at 
tight angles, so synchronized that the resultant direction 
of movement is at 45 deg. to either. 

The next column is for tracer control, and the 
Tfemaining five columns are for selecting the requisite 
turret station for a particular operation. The length 
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of travel at each stage of the programme and the origina- 
tion of the next stage are governed by contacts made by 
limit-switches and trip-dogs which are set according to 
the length of travel required. Unclamping and indexing 
of the turret are effected by an electric motor driving 
through an epicyclic gear train, thus providing a conven- 
ient method for the selection of any desired turret station. 

The model KEA-100 vertical turret lathe, manu- 
factured in Germany by Schiess, has also been provided 
with programme control. In this lathe (Fig. 24), the 
control system is electrical in nature and is housed in a 
separate cabinet, and programming is performed by 
inserting plugs in a plug-board. Programming involves 
the selection of spindle speed, feed, turret station, and 
direction of movement of the turret (up, down, left or 
right). The programme ‘‘memory”’ is divided into five 
preselection groups corresponding to the five turret 
positions, and these can be used in any desired sequence. 
Each group contains twelve stages, so that a total of 
sixty automatic control operations is available in any 
desired sequence. It is quite immaterial how the total 
number of stages is divided between the horizontal and 
vertical traverses. 

The main gearbox provides sixteen speeds, and the 
selection of the desired speed is achieved by actuating 
relevant electromagnetic disc clutches. It is possible to 
change the speed automatically while the turret is being 
traversed horizontally, so that, by changing the speed in 
steps, facing work can be done with an approximately 
constant cutting speed. Feed selection is also achieved 
in a similar manner, four electromagnetic clutches being 
sufficient for the twelve feeds. Indexing of the turret is 
carried out electromechanically. 

Another German company, Max Miller, manufac- 
ture their ‘‘Eltropilot’’ programme-control system 
mainly for use with their centre, facing, and turret lathes, 
but this system is in a fairly universal form and is thus 








Fig. 24. The Schiess KEA-100 programme-controlled vertical 
turret lathe. 
(Courtesy of Schiess A.G.) 
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Fig. 25. Setting up the plug-board of the “‘Eltropilot’’ pro- 
gramme-control system with the aid of a punched card. 

(Courtesy of Max Miiller, Brinker Maschinenfabrik) 
capable of wider application. Applied to a lathe, it will 
control movements of machine elements (saddle, cross- 
slide, drilling attachments, etc.) and operational condi- 
tions (spindle speed, direction and magnitude of feed, 
rapid traverse, etc.). With the object of improving 
machine-utilization time, attention has been given to the 
possibility of increasing the amount of setting-up work 
which can be carried out while the machine is working 
normally. One step in this direction, although not 
unique to this system, is the punching of a guide-card 
which the operator places over the plug-board when 
inserting the plugs; not only is it likely to be punched 
more quickly in the planning office, but this card 
obviously reduces the actual time of setting up the 
machine. Fig. 25 shows the plug-board being set up 
with the aid of the guide-card. 

One concept which saves rather more time is a 
detachable dog-setting plate, which enables setting of the 
dogs to be effected away from the machine. When the 
machine is ready to begin a new batch of work, the 
dog-setting plate is located on the machine by means of 
dowels. Even with dowel location, however, it will be 
evident that dog-setting by remote a 
control is not accurate enough for 
most purposes, and fine adjust- 
ment of the control positions is 
effected by moving the limit-switch 
slightly. Fig. 26 shows the dog- 
setting plate, with the dogs set 
according to the planning sheet. 

A final saving in machine 
idle-time is effected by the use of 
tool-holder units which, like the 
dog-setting plate, can be set up in 
advance and can quickly be bolted 
onto the machine. This concept of 
tool-setting does not, of course, 
eliminate all machine idle-time 
due to tool-setting, and the pro- 
portion which it does eliminate is 
dependent on the component 
being made. 


Fig. 26. The dog-setting plate of the 
“Eltropilot’’ programme -control 
system, set in accordance with the 
planning sheet. 
of Max Miller, 
Maschinenfabrik) 


(Courtesy Brinker 
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The ‘‘Eltropilot’’ plug-board is divided into two 
sections. The right-hand section (to the right of the 
thick vertical line in Fig. 25) is similar to the conventional 
plug-board inasmuch as it controls, for the various stages 
in the programme, spindle speed, feed (sliding and 
surfacing) in both magnitude and direction, rapid traverse, 
copying, etc., and has 21 columns and 20 rows. Wherea 
plug is inserted, an impulse is transmitted at the correct 
time to a relay which actuates the controlling circuit for 
that particular function. The command to terminate the 
motion of a machine element and to proceed to a new 
stage in the programme is given when a micro-switch is 
operated by one of the dogs. During the complete cycle, 


a dog may move over a given micro-switch several times ° 


and yet not be intended to actuate the micro-switch on 
each occasion. For this purpose, the left-hand section 
of the plug-board is normally provided with only three 
vertical rows. A plug is inserted into this section only 
when it is intended that the contact between dog and 
micro-switch should terminate a movement and initiate 
the next stage of the programme. 

The Swiss Menziken vertical lathe is controlled by 
punched cards with regard to selection of spindle speed 
and feed and the sequence of operations. One of its 
most interesting features is a magnetically operated 
tailstock, which is adjustable for pressure and which is 
compensated for expansion of the workpiece. 


PROGRAMME-CONTROLLED MILLING 
MACHINES 


The milling machines to which programme control 
has been applied are necessarily those which are the most 
versatile, i.e., the vertical and plain horizontal machines, 
although one or two companies have applied this form 
of control to a universal machine, including programmed 
rotation of the indexing head. 

A quite appreciable amount of milling operations 
can be covered by a fairly unpretentious control system, 
e.g. that applied to the milling machines manufactured 
in Germany by Union Werkzeugmaschinenfabrik 
M. Reuther K.G. _ For setting up the machine and for 
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machining small quantities, manual control can be 
effected by means of a pendant push-button panel, while 
for partially or completely automatic operation there is 
a basic work cycle on which about a dozen variations 
can be made merely by setting two six-way switches 
mounted on the side of the column. 

The basic cycle of table movement comprises the 
cutting stroke, in which rapid advance is followed by 
movement at normal cutting feed rates, and the return 
stroke, which is a rapid traverse initiated by push-button 
control. The different programmes for these milling 
machines are shown schematically in Fig. 27, in which 
Fig. 27a shows a simple cutting stroke followed by a 
return stroke. The first variation on this basic cycle is 
that the rapid return stroke may be automatic (Fig. 27b). 
A second variation is that, during the cutting stroke, the 
machining part of the stroke is interrupted by a rapid 
traverse, trip-dogs and intermediate limit switches setting 
the points at which transition from the rapid-to-normal 
or normal-to-rapid condition takes place. This inter- 
rupted cycle may also be programmed for a manually 
initiated return stroke (Fig. 27c) or an automatic return 
stroke (Fig. 27d), and these four variations can be 
performed with the cutting stroke either from left to 
right or from right to left, giving eight variations in all. 
The three four-stroke cycles shown in Fig. 27e, f, and g add 
slightly more versatility to the machine and complete the 
store of programmed cycles. 

A system which is very similar to the above is that 
used by Fritz Werner A.G. for their horizontal and 
vertical milling machines, but the Werner system can 
imorporate automatic indexing in any of the basic 
cycles, if required. Also, the Hungarian MU-320 
universal milling machine, marketed by Technoimpex, 
can be equipped with a form of programme control 
which permits the selection of any of twenty standard 
cycles of table movement. 
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Fig.27. The programmes available for Reuther milling machines. 
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Fig. 28. The indexing turret for the head programme of the 
Centec programme-controlled milling machine. 
(Courtesy of Centec Machine Tools Ltd.) 


The ‘‘Rumag’’ programme-controlled milling 
machines manufactured in Germany by Roth und 
Miiller have a very simple basic concept, i.e., that of 
table movement at rapid and normal feed rates alter- 
nately. As many trip-dogs as desired (or can be physic- 
ally accommodated) can be set along the table and, when 
limit-switches are passed, the table motion changes in the 
sequence rapid-normal-rapid-normal, etc. This pro- 
gramme would place rather a severe limitation on the 
number of components which could be milled, if it were 
not for the fact that more than one motion is controlled ; 
in the case of the horizontal machine, the longitudinal 
motion of the table and the vertical motion of the knee 
are controlled, while the vertical machine effects a three- 
dimensional control—the table longitudinally, the saddle 
transversely, and the spindle-quill vertically. 

The different stages of the cycle are initiated by the 
limit-switches according to a programme set up on 
rotary switches on the control panel. The trip-dogs are 
carried in slots on a programme-plate fitted to the 
moving member, and these programme plates are easily 
detached and can be replaced by others when a new 
component is to be produced. At the end of a traverse, 
the trip-dog causes a brake to be applied to the spindle 
motor for one second and, on release of this brake, the 
return stroke is made at rapid traverse to either the 
original or to some new starting point. If desired, 
application of the brake can be delayed up to 10 seconds 
by switching in a time-relay. Two push-buttons marked 
‘**Halt’’ and ‘*Start’’ can be used to interrupt and re-start 
the programme at any desired point, and a further button, 
marked ‘‘Motor Halt’’, switches off the motor indepen- 
dently of the table movement. 

A British company, Centec Machine Tools Ltd., has 
recently introduced its Series-3 programme-controlled 
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Fig. 29. The control slide for the table programme of the 
Centec programme-controlled milling machine. 
(Courtesy of Centec Machine Tools Ltd.) 





Fig. 30. Removal of the control slide for the table programme 
of the Centec programme-controlled milling machine. 
(Courtesy of Centec Machine Tools Ltd.) 


horizontal milling machines. Like the ‘‘Rumag” 
machines, these machines are also programmed for 
horizontal and vertical motions. Thus, in the head 
programme, the height of the cutter head above the table 
can be set to any one of six preselected values by means 
of the indexing turret shown in Fig. 28. The uppermost 
position of the head is, in effect, the datum and each time 
the head reaches this position the turret indexes to a new 
position, ready for the next down-stroke. When the head 
is fed down, it continues its motion until it is stopped 
mechanically by the relevant turret stop. The head 
motion has rapid approach movements, and change-over 
to normal feed rates is effected by trip-buttons positioned 
in slots on a control slide similar to the one illustrated 
for the table programme in Fig. 29. 

In the table programme, trips in the top two slots of 
the control slide (Fig. 29) determine the table positions at 
which the table motion ceases and the head programme 
starts. The next four slots control rapid and normal 
feeds in both directions. The feed rates for both head and 
table are infinitely variable and are set on calibrated 
dials. Fig. 30 shows how the control slide can easily 
be removed and retained for subsequent batches, thus 
reducing the set-up time even further, although increasing 
capital and storage costs for control slides. 
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The spindle is driven by a d.c. motor fed from a 
normal 3-phase supply and is controlled electronically 
so as to provide a steplessly variable speed range from 
either 50 to 1400 rpm or 200 to 2800 rpm. Provision is 
made for automatically stopping the spindle motor during 
rapid traverse of either the head or table, so as to prevent 
scoring the workpiece. This has the additional advantage, 
that if, at the end of a cycle, the table is returned to one of 
the two end positions at rapid traverse, the spindle motor 
is already stationary, and _ re-loading can safely 
commence immediately. 

The electronic equipment for the control of spindle 
speed is contained in a drawer which pulls out from the 
back of the machine pedestal. The only glass valves 
used are two thyratrons which are easily changed and 
have, in any case, a guaranteed life of 5000 hours. The 
table and head motions are hydraulically powered, the 
rapid approaches being at a rate independent of the 
normal feed. The table can be stopped in either direction 
of movement by means of an adjustable dead-stop and, if 
required, reversal may be delayed, i.e., the table can be 
made to dwell for a preset time before reversing. Since, 
during this dwell, the table is held against the stop under 
hydraulic pressure, a very accurate reversal point is 
achieved. The Centec 3R_ programme-controlled 
machine is illustrated in Fig. 31. 








Fig. 31. The Centec 3R programme-controlled milling machine. 
(Courtesy of Centec Machine Tools Ltd.) 

One of the most useful accessories for the Centec 
machines is a small auto-pneumatic indexing table, 
available in diameters of either 6 or 8 in. The indexing 
time of this table is less than one second per station, and 
it can be used for such purposes as milling multiple faces 
on a component, rapid loading of small components 
while the work cycle proceeds, etc. The standard table 
will index through 30, 60, 90, 120, or 180 deg. merely 
by push-button control, and indexing can be automatic- 
ally synchronized with table movement. However, even 
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Fig. 32. Some programmes obtainable with the Centec system, 
showing (a) horizontal and vertical milling; (b) pendulum 
milling; (c) milling in three planes; (d) key-sinking; (e) milling 
between obstructions, and (f) milling over an obstruction. 
without this accessory, there are many applications for a 
milling machine with head control and, in Fig. 32, some 
typical programmes with this system are shown. 

A machine with somewhat similar potentialities is the 
F58 milling machine, made in Switzerland by SAFAG 
A.G. The head programme is not quite as versatile as in 





Fig. 33. The Képings UF-10 programme-controlled milling 
machine and its control cabinet. 
(Courtesy of Képings Mekaniska Verkstads* AB) 
JUNE, 1960 Volume 21, No. 6 


the Centec, but copying is included in the programme. 

In Sweden, K6pings Mekaniska Verkstads AB has 
taken the opportunity afforded by recent radical re-design 
of their UF-10 universal milling machine, to offer it with 
programme control, if required. Table rise and fall is 
actuated by a pneumatic-hydraulic system in which a 
spring-loaded electromagnetic valve admits air to a 
booster actuating the oil cylinder for raising the table. 
Another valve setting releases the air in the booster, and 
the table is lowered. Table motion is terminated in its 
upper and lower positions by contacting limit-switches. 
Automatic control in this system extends to the dividing 
head. When each operation of an indexing cycle has 
been completed, the indexing pin is retracted electro- 
magnetically, closing a limit-switch which starts the 
driving motor for the indexing head. A push-button is 
provided for manual operation. 

All the electrical control equipment is contained in 
the separate control cabinet seen at the right-hand side of 
Fig. 33. The programming push-button panel is placed 
on the top face of the cabinet and can be covered with a 
safety-glass panel when not in use. The main switch and 
the control-cabinet switch are mounted on the front of 
the cabinet. The table is provided with a change-over 
switch for manual, semi-automatic, and automatic 
operation, and with push-buttons for starting and 
stopping the cycle. A change-over switch and push- 
buttons for manual operation of the machine are also. 
mounted on a swivelling pendant for easier control. 
The spindle motor is reversible and has a direct-current 
brake. When operated manually, the direction of table 
movement is selected by means of a lever which actuates 
hydraulic valves in the knee. When working auto- 
matically, the valves are actuated electro-magnetically. 

The control circuit works at a rectified d.c. voltage of 
24 V, and all components are of the plug-in type to 
facilitate replacement. The principal item in the 
programming equipment is a 12-pole, 15-way rotary 
stepping switch; the 15 ways provide a zero position and 
14 working stages in the cycle, while the 12 poles permit 
up to twelve functions to be controlled (in the:case of the 
UF-10 machine, only eight functions are controlled, and 
there are thus four blank poles). The contacts are 
connected in series with relay circuits and the push- 
button contacts. The relay circuits are intended for the 
functions to be controlled, i.e., table movement (left and 
right) at rapid traverse or normal feed rates, spindle 
rotation, indexing of the dividing head, movement of the 
knee (up or down), intermediate stop, and end of cycle. 
A relay for some definite operation in a given stage of the 
cycle will operate only if the contacts of the corresponding 
push-button are closed when the stepping switch reaches 
that stage of the cycle. The stepping switch moves one 
step forward at the end of each stage, the solenoid 
circuit of the switch being actuated by an electrical 
impulse generated when the relevant adjustable trip on 
the table closes a micro-switch on the knee. The push- 
buttons are of the type in which the first depression closes 
the contacts, while the second releases them again. 

In Germany, Ludw. Loewe & Co. A.G. have developed 
several systems of automatic control, commencing with 
the simplest sequence of operations which could be called 
a programme (cutting stroke at normal feed followed by 
return stroke at rapid traverse). The latest development 
of this company is in connection with their FS 4 vertical 
milling machine (Fig. 34). One interesting feature of 
this machine is the arrangement of the milling head, 
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Fig. 34. The Loewe FS-4 programme-controlled vertical 


milling machine. 
(Courtesy of Ludw. Loewe & Co. A.G.) 


which, instead of being an integral part of the column, is, 
in fact, mounted on transverse slide-ways on top of the 
column. Since the milling head, and hence the spindle, 
can now be moved transversely, the transverse motion 
of the table is superfluous, and this fact has enabled the 
company to adopt a much simpler table and knee design. 
The spindle is driven by a pole-changing motor through 
Vee-belts and, if very low speeds are required, these can 
be obtained by means of a reduction gear. 

The table can be moved in a longitudinal direction 
either manually or under power, using an electric motor 
and change-gears, adjustable dogs and micro-switches 
controlling the extent of movement. The knee can be 
raised and lowered manually or hydraulically, the latter 
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Fig. 35. The selective trips of the ‘‘Dial-a-Matic’’ programme 
control system. 
(Courtesy of Kearney & Trecker Corporation) 


along each of the axes at points where a change of 
feed is required. This enables a fairly complex cycle 
to be executed, and it has been considered that the 
use of punched tape is justified as the means of con 
veying the numerical information to the machine. This 
punched tape is divided into blocks of standard length, 
each block containing the information concerning the 
direction of movement and feed rate (rapid, normal, or 
slow). As each dog is passed, closing of the contacts sends 
a signal to the tape reader, causing the next block of 
information to be read. 

One of the surprising features of programme- 
controlled machine tools, as distinct from numerically- 
controlled machine tools, is the limited interest which 
appears to have been shown by American manufacturers. 
One notable exception is the Kearney & Trecker Corpora- 
tion, of Milwaukee, who have followed up their extensive 
programme of development in the field of numerical 
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control with a programme-controlled system for their / 


bed-type production milling machines (simplex and 
duplex). This system is marketed under the name of 
*‘Dial-a-Matic”’. One interesting feature of this system 
is that the trips are not simple on-off devices but are 
selective and fulfil one of three functions, i.e., to initiate 








method giving an infinitely variable feed rate. The a traverse at rapid or normal feed rate or to stop the 
programme is set on a 4 3 2 ' SWITCH No SETTING 
“‘preselection panel’ having 20 il a ie - ee eee \ TABLE LEFT 
columns of holes (stagesinthe [| i 2 TABLE RIGHT 
wo en HH Oe  - - - —o 

cycle) and 16 rows (functions to 5 
be controlled). Longitudinal, 5) 
transverse, and vertical relative 
movements between table and 
cutter can be programmed, and 
longitudinal movement can also 
take place at rapid traverse rate. - 
A punched card can be used to , —* 
acili att] “ 2 COPY LEFT 
facilitate setting the programme. | COMPONENT 

The FB 40V vertical milling 3 TABLE LEFT 
machine, manufactured in 4 HEAD DOWN 
Czechoslovakia and marketed by pao +--+ ee Roe te eae ~o s TABLE LEFT 
Strojexport, has been designed 1 U 6 HEAD UP 
to operate either with pro- a ; 

| bf TABLE RIGHT 


gramme control or numerical 
control. When functioning as a 
programme-controlled machine, 
movable dogs or contacts are set Fig. 36. 


92 


CYCLE (TABLE MOVEMENT) 
Two typical cycles obtainable with the “‘Dial-a-Matic’’ programme-control system. 
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moving element (Fig. 35). This means that one ten-way 
switch is sufficient for setting up each stage in the 
production cycle ; for example, the cycle shown in Fig. 
Ya requires the setting of only two switches, though it 
contains five distinct elements, i.e., two normal feeds 
and three rapid traverses. The control panel carries ten 
switches, and it is thus clear that even a quite complex 
programme is not likely to exceed the facilities provided. 

The basic machine has four live positions on the 
control switches, i.e., cycle reset, cycle stop, table right, 
and table left. If automatic quill retraction is provided, 
two further live positions are needed (simplex quill in 
and out). Further optional additions are automatic 
control of movement of the spindle head (up and down) 
and tracer control (movements to right and left), these 
taking up the remaining four positions on the switch. 
Fig. 36b shows a more complex cycle, in which tracer 
control is incorporated. 


PROGRAMME-CONTROLLED BORING 
MACHINES 


In Switzerland, Dixi S.A. have converted their No. 75 
series of horizontal boring machines to semi-automatic 
operation. These are typical of the type of boring 
machine with two positioning movements of the table 
(perpendicular to one another) and a feed motion of the 
boring tool. The main requirement in this case is fairly 
simple in conception, although not so easy to achieve in 
practice, i.e., that the table must move through a succes- 
sion of positions and be accurately located at each; 


er © 
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Fig. 37. Point-to-point cycles which are (a) progressive, and 
(b) retrogressive, in their x-y relationships. 
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Fig. 38. The control drums of the Dixi programme-control 
system. 


(Courtesy of Dixi S.A.) 
furthermore, after each location, the boring operation 
must be achieved, and this may or may not involve 
accurate depth setting. 

As with the systems described in connection with 
lathes and milling machines, the motion of the moving 
element (table or tool) must be stopped when the desired 
location has been reached. There are two fundamental 
differences, however, between lathes and milling machines 
on the one hand and accurate co-ordinate boring machines 
on the other. In the first place, accuracy requirements 
demand some better positional control than a mechanical 
stop or dog and, in the second place, the idea, accepted 
for other machine tools, of a number of stops arranged 
along a single slot is quite unrealistic. Since stops or 
dogs are not selective (at least in their simple form), such 
an arrangement would only work if both x and y com- 
ponents increased constantly for successive locations, 
as shown in Fig. 37a. If, with the cycle planned to give a 
constantly increasing x component, some of the 
successive changes in the y component are negative, as in 
Fig. 37b, then such a cycle cannot be performed, clearly 
placing a severe restriction on the components which can 
be produced with such a system. 

The way in which Dixi S.A. have chosen to eliminate 
this difficulty is to employ, for each movement to be 
controlled, a drum with a number of longitudinal slots 
equally spaced around its periphery. A control block in 
each slot is positioned according to the displacement 
required, and the drum is indexed to the next slot after 
positioning is complete. The question of how many 
slots to employ is clearly a compromise between the 
inordinately high cost of too large a number of slots and 
the limited utility if too few slots are available. In this 
case, the compromise has been settled by using 24 slots. 
The control drums for the longitudinal and transverse 
movements of the table can be seen in Fig. 38. With 
regard to the first difficulty, i.e., that of accurate location, 
the Dixi system employs a capacitive measuring head, 
instead of a mechanical trip. In addition to improved 
accuracy, there is no actual contact between the measuring 
head and the control block, so that wear is eliminated. 
The control blocks must still be set, and this is effected 
by first setting the table in the desired position, using the 
normal optical system; then, for the slot lying directly 
below each measuring head, the control block is moved 
until it is accurately located with respect to the head, this 
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being indicated by a null reading on a micro-ammeter 
connected in the balancing circuit of the head, one scale 
division of the micro-ammeter corresponding to 50 
micro-inches. 

When used with its automatic cycle, the head controls 
a double-acting magnetic valve which initiates movement 
of the table at rapid traverse and then slows it down 
quickly as the control block approaches the measuring 
head. Final positioning is accomplished by an oscillatory 
movement about the desired position. Should it be 
necessary to pick up a previously bored hole, this can be 
effected with a dial-gauge centring attachment. The 
control system can be synchronized, since the position of 
the drum can be adjusted slightly in an axial direction 
until the micro-ammeter reads zero, automatically 


bringing all other positions to their correct relationship. 





Fig. 39. The magnetic tape and reading head of a Hermann 
Kolb programme-controlled co-ordinate jig-boring machine. 
(Courtesy of Herman Kolb Maschinenfabrik A.G.) 
The co-ordinate jig borers made in Germany by 
Hermann Kolb G.m.b.H. are equipped with a programme- 
controlled system using magnetic tapes, a magnetic tape 
moving past a reading head for each axis to be controlled. 
A magnetic impulse recorded on the tape is used to stop 
the movement of one element relative to another and, if 
desired, a second reading head can be positioned a short 
distance in front of the other in order to provide the 
signal for a slow-down prior to stopping. The difficulties 
referred to in the previous paragraphs still obtain with 
this system, since the method of position indication is no 
different in principle from the ordinary micro-switch. 
The Kolb system, however, is provided with a form of 
plug-board (called a co-ordinator), in which the correct 
synchronization between x and y values is achieved by 
setting plugs. 
Fig. 39 shows a magnetic tape and reading head in 
position on one of these jig borers. 
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Fig. 40. The standard cycles of the Cimat programme-control 
system. 


The other type of boring machine is that which 


functions mainly as a boring and facing machine; if this | 


kind of machine is to be programme-controlled, it 
requires standard cycles similar to those for the longitudi- 
nal movement of a milling-machine table. The standard 
cycles for the ‘‘Cimatic’’ series of boring machines made 
in Italy by Cimat s.p.a. are shown in Fig. 40, and it will 
be noted that, at the end of its travel, the table can return 
immediately or can remain at rest for a predetermined 
period of time in the range between 0 and 3 minutes. 
Also, during the machining part of the cycle, the feed 
rate can be changed automatically from one value /; to 
another value f>. These boring machines are hydraulic- 
ally operated, control being effected by means of simple 
change levers mounted in four panels located in a con- 
venient position for the operator. 

The limits of movement of the tool-holder table are 
controlled by cams and pawls. The reversing pawls are 
adjusted coarsely by hand and finely by means of a 
micrometer screw. Table feed is regulated by adjustable 
cams acting on vertical tappets. The cams are of double 
thickness and, by adjusting one thickness in relation to 
the other, it is possible to vary their field of action on 
the relevant tappets. This adjustment of thickness is 
facilitated by a graduated scale. 


PROGRAMME - CONTROLLED GEAR - HOB- 
BING AND GEAR-GRINDING MACHINES 


Gear-hobbing requires, in the main, simple rectangular 
programmes or modifications thereof. Fig. 41 shows 
the programme cycles of the gear-hobbing machines 
made in Germany by Maschinenfabrik Lorenz A.G.. 
Fig. 41a referring to axial on-cut, and Fig. 41b to radial 
on-cut. It will be seen that a single or double-cut cycle 
can be selected, and, in addition to the programmes 
shown, which are for a single gear blank, there are 
corresponding cycles for two gear blanks mounted 
adjacently on one spindle, these being called respectively 
‘simple programmes’’ and ‘‘succession programmes’. 
If all these facilities are provided, the system is termed 
‘tuniversal cycle control’’, but there is a simpler form 
called ‘‘normal cycle control’? which is limited to the 
single-cut cycles. Both systems include a hobbing-out 
device for cutting free the tooth profile in the radial 
and axial hobbing of spur gears. 

In normal cycle control, the programmes are pre- 
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Fig. 414. The programme cycles of the Lorenz programme- 
controlled gear-hobbing machine (a) for axial on-cut, and (b) 
for radial on-cut. 

selected by means of a multi-way switch but, in universal 
cycle control, the automatic sequence of operations is 
controlled by punched cards which are inserted into a 
slot in the distributor casing. Many batches, although 
small in size, no doubt have been produced before, and 
the punched card for a particular batch will often be 
available in a ‘“‘library’’ of programme cards. Only one 
card is required for both down-cut and up-cut hobbing, 
since feed direction can be preselected by means of a 
switch. Also, any machine movement which is included 
in the automatic cycle and which is not required in a 
particular programme can be eliminated from the 
programme by the use of selector switches. Although 
not specifically part of programme control, it is interesting 
to note that the Lorenz gear-hobbing machine can be 
provided with an automatic work-loading turret. 

In the U.S.A., Barber-Colman have applied a 
simple system of programme control to their Nos. 6-10 
and 16-16 hobbing machines with the object of improving 
production times for small batches. The three cycles 
used are the plunge-approach cycle, the square cycle, and 
the plunge cycle. With regard to the plunge-approach 
cycle (Fig. 42a), since approach time frequently represents 
a large part of the total production time for a hobbed 
gear, this cycle has been designed to reduce the approach 
time toa minimum. The horizontal feed is engaged at 
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the commencement of the cycle, so that the required helix 
angleis cut. The work feeds vertically into the hob with a 
feed rate which changes continuously from a high value at 
the beginning of the cut to a low value as the hob reaches 
full depth, vertical feed and rapid traverse being controlled 
by a vertical-feed cam. With the plunge-approach cycle, 
larger hobs having more flutes and more starts can be 
used without an increase in approach time. The larger 
number of flutes used permits greater accuracy and 
better production, the latter benefit being normally 
enhanced by an increase in the number of starts. The 
cycle is also advantageous in the hobbing of blind worms 
and gears. 

The square cycle (Fig. 42) is the automatic version of 
the conventional hobbing cycle and can be programmed 
with down-cut or up-cut in either direction. 

The plunge cycle (Fig. 42c) provides an automatic 
vertical feed for cutting worm-gears. 








bean 


programme-control 


Fig. 43. The control panel of the MAAG 


system. 

(Courtesy of the MAAG Gear Wheel Co. Ltd.) 

A representative gear-grinding machine fitted with 
programme control is the HSP 80 machine, made in 
Switzerland by MAAG, which has a maximum blank 
capacity of about 32 in. and covers the range from 1-7 to 
12:7 D.P. (15 to 2 mm module). The involute shape is 
generated by means of the usual pitch-block and steel 
tapes, the familiar pair of saucer-shaped wheels being 
used for the grinding operation. Wear-compensating 
devices, operating to within 0-00005 in., are incorporated. 
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Automatic control of this machine is complete, inasmuch 
as no attention is required during the grinding operation, 
the cycle being set by means of a push-button panel 
(Fig. 43). Contacts are provided for a maximum of 14 
revolutions of the workpiece and, for each revolution, 
the amount of cut and one of three feed rates can be 
selected on the push-button panel. The panel also 
carries facilities for setting the indexing movement and 
dressing the grinding wheels. For the latter function, 
from 1 to 5 motions of the diamond may be selected, and 
a definite amount of wheel material can be removed 
after a predetermined number of teeth have been ground. 


EXAMPLES OF THE APPLICATION OF 
PROGRAMME CONTROL 


The potentialities and limitations of programme 
control have already been discussed on general lines, and, 
now that many of the available systems have been 
considered in more detail, it is perhaps apposite to look 
at some typical examples of components machined under 
programme control, so as to assist in the assessment of 
the field of application for programme-controlled 
machine tools. 


Example 1 


Fig. 44 shows a stepped shaft which is to be machined 
from a 50-tsi steel bar, 3 in. in diameter. This can be 
produced on a programme-controlled turret lathe, as 
follows :— 

(a) Feeding the stock to a stop held in the first turret 

station. 

(b) Rough-turning the length to the right of shoulder 
A, using a tool in the second station. 

(c) Making a second roughing cut and a finishing cut 
on diameter (1), using tools in the third and fourth 
turret stations. 

(d) Centre-drilling the end of the bar (fifth station) 
and inserting a running centre (sixth station). 

(e) Rough and finish copy-turning the remaining 
length of the shaft. 


























Production of a stepped shaft on a programme 
controlled lathe. 





Fig. 44. 


(f) Squaring up the shoulders A, B, and C. 

(g) Parting off. 
For operations (e) to (g) inclusive, the tools can be held 
in a square indexable tool-post or in cross-slides. 

Clearly, the only competitive method worth serious 
consideration is production in a conventional copying 
lathe; it should be remembered, however, that many 
companies which could economically justify a pro- 
gramme-controlled general-purpose machine tool could 
not consider a more special-purpose machine such as a 
copying lathe. Furthermore, in this particular com- 
ponent, the square shoulders at A, B, and C could present 
difficulties with a copying lathe. 


Example 2 


Fig. 45 shows a sectional view of one half of a cylinder 
cover, together with the suggested schedule for machining 
the shaded surfaces, using a vertical turret lathe. 

Surfaces 1-2, 4-5, and 7-8 are faced from turret 
station I, movements 0-1, 2-3-4, 5-6-7, and 8 -9-10 
being performed with rapid traverse. At point 10, the 
turret is indexed to station II, and the copying attachment 
switched in. The profile 10-11 is then copy-turned, and 
the turret is retracted rapidly (11-12). The copying 
attachment is switched out after point 11, and at point 12 
the turret is indexed to station III, where, after a rapid 
feed to point 13, profile 13-14-15-16 is turned as a 
stepped programme. The settings of the limit-switches 
are also shown in Fig. 45. 





Example 3 


Fig. 46 shows a component which is to be milled over 
the light area, the whole of which lies in the same plane, | 
so that the operation can be completed in one setting ona 
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Fig. 46. Milling a component over a specific area (light) 
and the programmed cutter path. 
vertical milling machine, using an end-mill. This 


programme is quite easily effected, especially on a 
machine in which a 45-deg. movement can be obtained 
by synchronizing two main feeds, and the actual cutter 
path shown in Fig. 46 has been drawn on this assumption. 
This particular component is a good example of one 
which can benefit, in batch production as distinct 
from one-off production, by programme control and 
can still be clearly more economical than numerical 
control. This is perhaps shown to even. greater 
advantage by the component illustrated in Fig. 47, where 
the machine can be set up economically for quite small 
batches, using programme control. 





Fig. 47. A fairly complex component illustrating the usefulness 
of programme control. 

No examples have been given for boring or gear- 
cutting machines, since they are, by the nature of their 
work, restricted to simple standard cycles. It should, 
however, be understood that this does not detract from 
their usefulness. 
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N.W.2.] 


Dale Rd., Selly Oak, Birmingham 29 


Georgen, Schwarzwald, Germany. 
Ltd., 172/178 Victoria Rd., London, 
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‘STRATELINE? 
SPEED REDUCERS 


Input h.p. range 1/16th to 40 h.p. Ratios from 3: 1 
to 1,000,000 : 1. Greater reductions can be undertaken 
for special applications. 
100,000 1b, ins. 
therefore no slip. 
Large Reduction Ratios in very small space. 

Each Unit covering a wide range of ratios without 
alteration to external dimen- 


Maximum torque output 
Coaxial Shafts: Positive gear drive 


sion. 

Can be supplied with an elec- 
tric motor as an integral part 
of the gear box, or as a 
non-motorised unit. Units 
can be arranged for any posi- 
tion of mounting. 










VARATIO—STRATELINE 







GEARS LTD ° 






















*wANGLgear, STANDARDISED jj 
ANGLE CONIFLEX BEVEL GEAR jj 
FOR INDUSTRY. ANGLgear 


4 h.p. at 1,200 r.p.m. Equipped with hari 
Coniflex gears and lubricated for life. Ay 
gears are quiet and efficient at speeds up 
including their maximum rated r.p.m. 
unit is tested for quietness at full rated yy 
before it leaves the factory. There is an AN 
gear to solve almost any 90 deg. power tak 
problem. 

* Made in England 

principals. 


under licence to | 


We also manufacture 


VARATIO. The “Varatio” Positive Varig 
Change Speed Gear Box has the outstand 
merit of ROBUST SIMPLICITY COUPI 
WITH HIGH EFFICIENCY AND (J 
PLETE RELIABILITY, and is eminently; 
able for every industrial requirement w 
variability of speed and a positive drive atq 
determined SPEEDS MAINTAINED Wi 
OUT SLIP are required. An_ outstanj 
feature of the **Variatio’’ Gear is the RELATI\ 





LY SMALL SPACE it occupies. 


277-279 Aberdeen Avenue, Trading Estat: 
Slough, Bucks. Telephone : Slough 202 








“ACCESS” 


(Austin Cold-Cathode Electronic Switching System, made 
under licence from the Austin Motor Co. Ltd., and Hivac Ltd.) 
ACCESS, a static switching system using Cold-Cathode 
Tubes, possesses the advantage of self indication. 





This control system 
is suitable for many 
applications includ- 
ing complex 
machine tool and 
conveyor _ installa- 
tions. 





Master Control Cubicle 
Write for Technical 
Literature. 


Typical Application—Metalworking Transfer Machine 


THE DONOVAN ELECTRICAL CO. LTD. 
Telephone: STECHFORD 2277 (5 lines) 
STECHFORD BIRMINGHAM 33 





(Electronics Division) 


SAFUSE WORKS NORTHCOTE ROAD 
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Numerically Controlled Machine Tools 


KEARNEY & TRECKER 
MILW AUKEE-MATIC 


A single machine that performs milling, drill- 
ing, reaming, tapping and boring operations 
and incorporates automatic tool change and 
positioning . . . a machine that harnesses 
the FULL potential of numerical control. 


Cuts working capital requirements . 
balances inventory . . . cuts tooling costs... 
greatly reduces lead time . . . permits rapid 
new product changes. 


KEARNEY & TRECKER 


415 TF Milling Machine with 
numerical control 


Solid construction, a heavy wide, 
knee, twin elevating screws, ccn- 
tral cross feed screw and precision 
in manufacture are some of the 
features that make the TF an ideal 
machine to reproduce the extreme 
accuracy possible with numerical 


control. 











INTERNATIONAL 
MACHINE TOOL 
EXHIBITION 


The above show examples of numerically controlled machine tools 
supplied by E. H. Jones (Machine Tools) Ltd. The Kearney & Trecker 
Model 2CES has also been equipped with E.M.l. 2- and 3-directiona 
numerical control. 
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(MACHINE TOOLS) LIMITED 


GARANTOOLS HOUSE PORTLAND ROAD - HOVE - SUSSEX 
Telephone. HOVE 47253 Telegrams: Garantools, Portsiade 


LONDON BIRMINGHAM GLASGOW - MANCHESTER -: BRISTOL 
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New, advanced AEIl electronic equipment 
for CONTINUOUS NUMERICAL CONTROL 
OF MACHINE TOOLS 


@ Very high accuracy control by magnetic tape. The system is 
sensitive to 0.0001 in. 


@ Roughing and finishing cuts made from the same recording. 
@ Shop-floor adjustment provided for ‘ off-size’ cutters. 
@ Tape reading equipment fully transistorised. 


The AEI Tape Centre offers a high-speed tape preparation service 
See this advanced equipment working on 
STAND No. 41, GRAND HALL 
at the INTERNATIONAL MACHINE TOOL EXHIBITION 


Electronic Apparatus Division 
Associated Electrical Industries Limited 


NEW PARKS, LEICESTER, ENGLAND _— 
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for 
RELIABLE 





HIGH 
SPEED 
PRECISION 





PRODUCTION 


INTERNATIONAL MACHINE TOOL EXHIBITION 
Olympia London June 25—July 8. Stand 66 Grand Hall 


Note particularly the constructional features of the SPECIFICATION: 
new Koping Milling Machines, i.e. wide bearing surface 
of column face and top of knee, double front support 


‘ 
of knee which prevents tendency to deflect, deep Table surface -_ x 
— of —— All these features are part of a Milling area 314” « 24’ 

sound mechanical design readily adaptable to auto- : 

matic programme control. One most important Spindle speeds 32, 30-1008 
feature of the control system is that by merely closing Feeds 21, $-59 in./min. 
one switch the machine may be used for conventional Total 10h 

milling, and it therefore ceases to be a single purpose oa pwer i 
production machine only. Weight approx. 5200 Ibs. 







ORTIMER SHOWROOMS — SERVICE — SALES OFFICE 


7 202-206, ACTON LANE, LONDON, N.W.10. 
ENGINEERING CO. 


PROPRIETORS '- S.GUITERMAN & CO. LTO. 


Telephone: Elgar 3834 Telegrams: Mortengco Telex: 24102 
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KOPING# programme 
controlled milling| 
machines 
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The programme-control system on 
this 14” dia. bar or 9” swing capstan 
the, automatically selects speed 
changes and starts, reverses and stops 
the spindle, as required. Indexing 
the turret automatically selects the 
Pre-set conditions for machining from 
the next turret face. 





ALFRED 


FF S2-E=> 
sf. & 


L7D., COVENTRY 








AUTOMATIC 


See this machine 
in operation ~ 
on STAND No. 11 4c 
GRAND HALL 
| INTERNATIONAL MACHINE 
TOOL EXHIBITION 
OLYMPIA -— LONDON 
June 25 - July 8 

















GRINDING in 66 SECOND 


3rd Speed Mainshaft Gear illustrated by per- Gg 


mission of the Austin Motor Company Limited 


On the above component, bore and face grinding operations 
are carried out to tolerances of + 0.00025” bore dia. and 
+ 0.0005” face witbin the all in production time 
allowances of 66 seconds including setting, wheel 
changing and general downtime to cover all 
contingencies. An outstanding feature of 

this machine is that except for manual loading 

and unloading all operations including 

wheel dressing are fully automatic. Full 

details of this machine and other types of 

the SPANDAU range can be obtained 

together with technical literature from 

our Sales Department. 


Send us your component drawing from which we will be 
pleased to quote. 


RINNE RR 
AUTOMATIC INTERNAL GRINDING MACHINES 


Home selling Agents: 


STANLEY HOWARD LTD 


73 DEVON STREET SALTLEY BIRMINGHAM 7 Telephone: ASTon Cross 36ft 
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Standardized Mechanical Components for 


Servomechanisms 
By M. D. HULL, Assoc.Brit.1.R.E.* 


In this article, the problems encountered in the construction of servomechanisms for development purposes 
are discussed, and the advantages of using standardized mechanical components are pointed out. In 
addition, a range of suitable components is described, together with factors affecting their design. 


In the construction of servo-systems, it is usually 
necessary to accept the most suitable electrical element 
available for the purpose, the choice being governed 
first by achieving the desired characteristics and then by 
cost. Thus, a search through manufacturers’ data 
sheets may reveal a synchro of the desired kind and, after 
price comparisons have been made, the appropriate item 
is selected, or alternatively, a compromise is reached. 
By electrically interconnecting various electrical servo 
components on the bench, and applying an input signal, 
itis possible to obtain some idea of the future performance 
ofthearrangement. Unfortunately, the stage now reached 
has resulted in a mass of tangled leads with power 
supplies, phase-sensitive valve voltmeters, amplifiers, and 
synchros all mixed up together on the bench. 


Problems of Construction 


For the mechanical interconnection of the electrical 
elements, two courses are now open to the engineer, 
ie., he can call on the Drawing Office to produce a 
design for mounting the essential electrical parts, or he 
himself can design a suitable mounting which the model 


shop can produce. It is reasonable to suppose that the 
electrical designer will be able to make a more satisfactory 
attempt at the mechanical design, in which he is not a 
specialist, than will be the mechanical designer to 
produce an electrical servo. However, the mechanical 
designer will probably be horrified at the sketch the 
electrical engineer produces for his requirements, and in 
extreme cases the model shop will discreetly point out 
that it is impossible to make it. Normally, close liaison 
between electrical and mechanical designers takes place, 
and it becomes essential at a later stage of development, 
when the choice of gearing is involved between the load 
and the servo-motor and other electrical elements. It 
does not, however, usually take place at the beginning of 
development, when only a simple solid mounting is 
necessary for the electrical elements during initial 
measurements, and the servo-engineer then relies on his 
own intelligence to design something suitable. 

After initial measurements on the preliminary chassis 
have been made, it is invariably necessary to design 
Suitable gearing to connect a dummy load to the servo- 
motor and to link suitable feedback generators. Unlike 
the exchange of a resistor on a tag-board for one of a 
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different value, which can be completed in under a 
minute with a soldering iron, the interchange of a 
gear-train may take many hours, because the characteris- 
tics of mechanical parts of this nature are not only a 
function of their own dimensions, but also of the 
dimensional relationships existing between each other. 
In the case of electrical components, their own mechanical 
dimensions control their particular electrical characteris- 
tics, and direct dimensional relationships between them 
are of little consequence, since it is only the electrical 
characteristics, owing to their individual mechanical 
dimensions, that must bear the necessary relationships. 
No electrical engineer would consider dissecting a 
carbon-rod type of fixed resistor and then file away the 
carbon to change its resistance value, but would 
change the whole component. In effect, this is what the 
servo-engineer has to do to his gear-train, unless he is 
lucky enough to have a very large variety of gearboxes 
readily available for trial, in which case he can also make 
the required change as a complete mechanical component. 

The requirements for mechanical design have now 
reached a stage which has outweighed the electronic 
design. No longer will a simple mounting suffice, and, 
even in the development stage, precision mechanisms are 
required. Thus, the simple hole in a chassis is no longer 
satisfactory, aligned holes for shafts and bearings are 
needed, and accurate centre distances for gears must be 
achieved. In fact, nothing less than production standards 
are forced on development. If the inertia of a gear proves 
too high, or a change in gear ratio proves desirable, then 
the parts of the gear-train must be dismantled and the 
alternative parts fitted. Should different diameters in 
gears be involved in the modification, then new centre 
distances apply, and the whole gear-train might just as 
well be constructed afresh. 

The time and cost involved in producing precision 
mechanical assemblies, each time some improvement is 
felt desirable, place the onus on the engineer to be right 
first time with no further alterations. Surely, this is 
wrong. No management would impose such serious 
restrictions on development, but would hope for a good 
design, truly developed stage by stage by calculation 
and measurement. Modification is all part of develop- 
ment in the search for something really good. However, 





* Technical Director, Pioneer Designs Limited, Servokits Division, 


East Molesey, Surrey. 
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all the time development costs are continually rising, and 
each new gearbox can add hundreds of pounds to a 


project. The time to produce these “one-off” jobs for 
development, spread over the laboratory, the drawing 
office, and the model shop, is very considerable and, 
even under the best conditions, a delay of three or four 
weeks may not be unusual before work can continue on 
the bench. Certainly, then, it is no wonder that control 
equipment involving servomechanisms is expensive. 


Standardized Mechanical Components 


The solution to most of these problems is found in 
the provision of standardized mechanical components 
in the same way as electronic components have become 
standardized. By standardization of the frame sizes of 
synchros, manufacturers have paved the way for stan- 
dardized mountings on which the synchros_ hang. 
Hangers, as these mountings are named, together with a 
wide range of other standardized mechanical components, 
have been designed by the author for use in the develop- 
ment of servomechanisms and other similar mechanical 
assemblies. 

Many factors have had to be taken into account in 
the design of the various components, i.e., accuracy, ease 
of assembly and dismantling, the production of com- 
ponents of fully known characteristics, shaft sizes in 
common use, choice of hardware, absence of special 
tools, and cost. To these were added the problems of the 
advisability of producing a particular component based 
on its anticipated usefulness and, moreover, how to offer 
such a miscellaneous collection of parts for sale. 

During the development of their own_ servo- 
mechanisms, certain manufacturers have designed general- 
purpose mechanical components for use within the firm. 
In some cases the success of these parts has encouraged 
an enterprising management to manufacture the com- 
ponents for sale in the form of kits. There are two distinct 
classes of products in existence, i.e., those conforming to 
normal engineering standards, and those of high preci- 
sion. There are undoubtedly some occasions when high 
precision remains essential, but the range of components 
designed by the author aims at the former class, in order 
to keep development and production costs down and to 
reduce the tendency towards the over-precision which has 
arisen in recent years. 


Platforms 


By far the grestest stumbling-block in constructing 
a servomechanism is to find a suitable mounting plate on 
which to attach the electrical components. The plate 
may have to carry a considerable weight of parts, but 
must not readily bend or be capable of being distorted. 
Thus, if accurate gear-trains are to be used, it must not 
warp, or the gears will bind or have increased backlash. 
To enable parts to be bolted to it, both sides of the plate 
miust be readily accessible, and a wide variety of mounting 
positions provided. Also, it must be inexpensive. 

This mechanical component is called a platform and, 
since it forms the “chassis” for the assembly of synchros 
and gear-trains, its design is governed by the class of 
accuracy desired in the prototype model. Many different 
arrangements for slotting the platform have been used, 
and it appears that most manufacturers regard this as a 
means of identity from an aesthetic viewpoint, rather 
than one of technical utility. For example, one design 
uses plain holes at fixed centre distances, whereas 
staggered slots running diagonally across the platform 
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are preferred in another, though most platforms favour 
a slot width of 4} in. Both aluminium and steel have 
been used as the material and, in the high-precision class, 
an aluminium casting is favoured. Production costs for 
this type of platform are naturally high, to maintain a 
high standard of flatness over a large area, and such a 
platform needs to be treated with considerable respect in 
use. 

The sizes of platforms available vary considerably, 
but the majority measure less than 18 12 in. Platforms 
should be available in two sizes, with one lateral dimen- 
sion in common, permitting ‘“double-decking” of 
platforms by the use of extension studs to join consecutive 
lengths of supporting pillars. Provision should also be 
made for joining together a number of platforms in the 
same plane to provide for special circumstances where 
an “outsize” platform is necessary. 
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Fig. 1. A typical platform for mounting servomechanisms 


The above design criteria have been incorporated 
into an inexpensive platform which has proved completely 
satisfactory for general use. A typical platform is shown 
in Fig. 1, and consists of a mild-steel plate, }, in. thick, 
punched with staggered rows of slots, each slot 3 in. long 
and } in. wide, running laterally along the plate. One 
side is ground flat to provide an accurate mounting face, 
and the other side is similarly ground to stress-relieve the 
material, thus avoiding distortion. The platform, which 
is cadmium-plated, can be supported on four pillars to 
give easy access to the underneath side for attachment of 
hangers and other parts which may be bolted to it. These 
pillars are fitted with small neoprene feet to prevent 
assemblies sliding around on the bench. 


Mounting of Components 


All smaller components fitted to the platform are 
generally attached by 2 B.A. socket cap-screws, strength 
and availability being the reasons for this choice. The 
screws are inserted through the required slots in the 
platform from the underside and engage with tapped 
holes in the hangers, pillars, etc., to be attached. The 
cap-screw has the advantage of a knurled head and can 
easily be tightened with the fingers during the first trial 
assembly, slackening of the screws permitting lateral 
movement of the parts along the length of the slots in the 
platform for adjustment purposes. Only when the final 
position of the hangers is found is it necessary to use 4 
wrench key to tighten the screws. 

One manufacturer provides wing-headed screws, but 
the extra cost involved appears to provide little advantage 
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over a readily available product. In another case, the 
platform slots are accurately milled to fit T-shaped 
locating blocks which are intended to maintain parallelism 
of mounted components, but, because of the clearance in 
the holes in the blocks through which the clamping 
screws must pass, the intended accuracy is lost. By far 
the most practical method of aligning components 
mounted on the platform is by the use of a simple 
engineer’s square. 


Hangers 


As these new servo components are intended to be used 
throughout the development stage of any project, and the 
services of the Drawing Office called on only for the 
production drawings, these components should be of 
standard dimensions to enable draughtsmen rapidly 
to convert the dimensions of the development prototype 
to the production drawings. For structural parts such 
as synchro hangers and shaft hangers, of the types shown 
in Fig. 2, vital dimensions forming multiples of 4 in. are 
considered most satisfactory. 





(a) (b) 
Fig.2. Two types of component hangers, showing (a) a hanger for 
mounting a synchro, with an accurately machined bore for 
accepting the synchro spigot, and (b) a shaft hanger with a needle 
roller bearing pressed into the hole. 


The hangers for electrical elements such as synchros 
and potentiometers are made of aluminium-alloy angle, 
j-in. thick, anodized and dyed black to protect the 
material and to maintain an attractive appearance despite 
constant use. A hole for mounting a synchro is accu- 
rately bored on one leg of the angle to accept the spigot 
of the synchro, and the centre distance of this hole from 
the other leg of the angle, which acts as the foot for 
attachment to the platform, is accurately maintained to 
+0001 in. A choice of 1-500 or 2-000 in. for this 
distance is available, but, in the case of components of 
International Frame Size 23 and over, the 1-500-in. 
dimension does not apply. The foot is drilled and tapped 
to accept the 2B.A. socket cap-screws for attaching the 
hanger to the platform. 

Many designs of hanger have appeared, their main 
differences being in the disposition of the feet, but, in the 
author’s opinion, these designs have little advantage over 
the simple L-shaped section, and their cost is 
invariably greater than the type described above. Some 
manufacturers offer a greater range of centre heights for 
synchro hangers but, as the size of synchros is inter- 
Nationally standardized, the two different heights of 
1-500 and 2-000 in. are sufficient. 

To conform to NATO standards, all International 
Frame Size synchros have their attaching screws and 
threaded holes cut with Unified threads. This is no 
longer any cause for concern, as the hangers are tapped 
UNF to accept the three clamp screws by which the 
JUNE, 
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synchro is held to the hanger, and the obtaining of 
special taps need not be a cause for further delay in 
development. 


Shafts and Bearings 


For shafts and bearings, the wide variety of instru- 
ment servo work has demanded three individual dimen- 
sional systems, which have accordingly been standardized 
into shaft systems of 4, #3, and 4 in. diameter, their 
selection depending on the loads involved. Shafts of four 
different lengths, i.e., 3, 6,9, and 12 in., are supplied to each 
system. Shafts are of stainless steel and are accurately 
ground to +-0-0000/—0-0003 in. These limits have been 
determined by the choice of bearings. 

It is interesting to note that the medium-duty system, 
using shafting of j%-in. diameter, is by far the most 
popular. The heavy-duty system is next in demand, with 
a shaft diameter of } in. There appears to be little 
present demand for the }-in. diameter light-duty system. 

Some attempts have been made in the past by cer- 
tain manufacturers to produce similar standardized 
mechanical components of a precision nature, but all have 
suffered from the problems of bearings. Ball-bearing 
races have been proved to be completely unsatisfactory 
for the solution of the problems already discussed. One 
of the aims of producing these components is to ensure 
rapid interchangeability; for instance, when fitting 
together a gear-train, the shaft is introduced into the ball 
race and a reasonable attempt will probably be made, 
with the aid of a vice and wooden blocks, to press the 
bearing onto the shaft. If the task proves too lengthy, 
or little headway is made, the shaft will probably be 
rubbed down with emery cloth until it fits. A spur gear 
is then fitted, and finally the bearing for the other end of 
the shaft is forced on. If the gear is to be changed after 
tests have been carried out, the whole agonizing process 
must be repeated in reverse. 

For high-precision applications and where assembly 
time is of little consequence, ball bearings are mostly used 
but, for normal applications and where time and cost are 
important, needle roller bearings have been selected as 
being the most satisfactory, as they do not have an inner 
ring, so that the difficulties encountered with ball races 
do not apply. The needles make direct contact with the 
shaft and the shafts are hardened accordingly. Shaft 
hangers are drilled to house the bearings, and the bearings 
are pressed into these bores. When the hangers are 
attached to the platform in their approximate positions, 
the shaft can easily be pushed through the bearings. 
Collars can be fitted on the shaft to restrain axial motion 
or, if the closed-end type of needle roller bearing is used, 
nylon or P.T.F.E. balls can be inserted between the end- 
covers of the bearings and the ends of the shaft. 


Gears 


In general, the standard of gear-cutting is high but, 
apart from high-precision applications where the bore of 
the gear requires reaming out to accept the shaft, most 
manufacturers lose accuracy when mounting the gear on 
the shaft, because the time-honoured method of attaching 
everything of a temporary nature by a grub-screw has 
been ruthlessly applied in nearly all cases. 

The design of spur gears should be decided on grounds 
of accuracy and cost. It is well known that far too high 
standards of accuracy are often requested, when a lower- 
priced product could perform the function just as well. 
Nevertheless, accuracy should be available and, if this 
can be obtained at a lower cost, a distinct advantage has 
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been gained. A gear cut to Class | Admiralty Standards 
costs approximately 30°, more than one cut to B.S. 436, 
Class A. The eccentricity caused by the grub-screw 
method of mounting a Class 1 gear reduces its effective 
quality to worse than that of a gear cut to much lower 
standards but which is correctly mounted. Drilling 
and pinning defeat the object of rapid interchangeability, 
and this method should be reserved for production 
models. 





Fig. 3. A split-hub spur gear, showing the hub clamp for 


attaching the gear to the shaft: 

A good solution to this problem is to clamp the 
gears to the shafts and to provide all gears with split 
hubs, so that they can easily be pushed onto the shafts, 
the hubs then being surrounded by a low-inertia dynamic- 
ally balanced hub clamp, specially hardened for springi- 
ness. By slackening the clamp screw, a gear can be slid 
along its shaft to any position in a few seconds. Because 
no grub-screws are used to secure the gears to the shafts, 
burrs caused by the points of these screws are absent 
from the shafts, and easy removal of gears is ensured. 
A split-hub gear of such a type is shown in Fig. 3. Mitre 
and ratio bevel gears have been added to the range, and 
these gears, which are also of the split-hub type, are cut 
to B.S. 545, Class C. 

A special advantage has been discovered in the use of 
split-hub gears. In a servomechanism, the position of 
the rotor shaft of an electrical element, such as a synchro 
relative to its stator, is controlled by an electrical signal 
proportional to the error in the system. The final 
setting of the error-computing device in relation to the 
servomotor providing the driving torque is normally 
made by rotating the stator of one of the electrical 
elements, and this may entail lengthy and complex 
operation if the clamping screws of the synchros are 
hidden behind other parts. By using a split-hub type of 
gear on the shaft of the synchro, the hub clamp can be 
slackened with the synchro energized and the gear 
rotated on the shaft to produce correct alignment of the 
driven mechanism relative to the prescribed datum. 
The clamp screw is then tightened. A loose-fitting gear 
using a grub-screw would be impractical in this applica- 
tion for reasons of eccentricity, whilst a tight-tolerance 
bore would not allow sufficient freedom for the synchro 
shaft to take up its normal energized position. This 
application of the split-hub gear should reduce con- 
siderably the time and expense involved in alignment of 
position servomechanisms. 

A wide range of diametral pitches of gears exists, 
those generally preferred being 32, 48, 64, 96, and 120 
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D.P. The tendency towards miniaturization of servo- 
mechanisms, particularly in the field of guided missiles, 
has produced even higher diametral pitches, but, bearing 
in mind that the teeth of a 200-D.P. gear look like the 
milled edge of a florin, there is little wonder that their cost 
is extremely high. In any case, it is practically impossible 
to produce an accurate tooth form with such high 
diametral pitches and, contrary to a popular misconcep- 
tion, the quality of the final product deteriorates very 
rapidly as diametral pitch is increased. It is actually 
possible to file away a few teeth of a gear under these 
conditions without even impairing its overall performance. 

The diametral pitches which have been selected for 
the split-hub type of gears are 96 D.P. for light-duty 
spur gears (4-in. shaft diameter), 64 D.P. for medium- 
duty spur gears ( };-in. shaft diameter), 48 D.P. for heavy- 
duty spur gears (}-in. shaft diameter), and 32 D.P. for 
bevel gears. The maximum gear ratio obtainable in each 
range has been standardized at 5:1. 

Little in common exists between various makers on 
the question of materials but, as this question is directly 
related to strength and as no heavy loads are involved 
with instrument gears, brass is a preferred material for 
gears intended for prototype development. The 
“standardized” gears are of } in. face width, recommended 
values of torque for 48, 64, and 96 D.P. brass spur gears 
operating at 1000 rpm being given in Fig. 4. Most 
manufacturers prefer to use metal gears and supply 
them in either brass, aluminium alloy, phosphor bronze, 
or stainless steel, the necessary torque-correction factors 
to the values given in Fig. 4 being 0-8 for aluminium alloy, 
1-2 for phosphor bronze, and 2-5 for stainless steel. 
Moulded nylon gears, whilst eminently suitable for some 
applications, are not preferred for servo work, because 
of their poor tooth form and the extremely high tool 
costs associated with a producing a large range of gears. 
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Fig. 4. Recommended values of torque at 1000 rpm for brass 
spur gears. 

To reduce their inertia, some gears are available 
with lightening holes and, in the high-precision class, at 
least one manufacturer produces these in aluminium 
alloy to Admiralty Class 1 standard, but, as the object of 
producing standardized components is to lessen the 
number of alternatives rather than to increase it, no 
lightening holes have been added, enabling a gear of 
easily calculable inertia to be used for development, 
lightening holes can be added later, or a change to other 
materials readily made, for the final product. 
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Differentials 

Both spur-gear and bevel-gear types of differentials 
are available with interchangeable end gears which, in 
some cases, are attached by screws and located on spigots 
of the differential. The bevel-gear type is far simpler 
than the spur-gear type and is much less expensive to 
produce. 





Fig.5. A bevel-gear differential, with one clamp plate removed 
for fitting an interchangeable end gear. 

The bevel-gear type of differential shown in Fig. 5 is 
acomplete component and uses three brass bevel gears, 
one of which (the spider gear) is mounted on a shaft at 
right-angles to the main shaft. The remaining bevel 
gears have accurately machined hubs .on which inter- 
changeable end gears are held in position by removable 
clamp plates. Precision ball bearings are pressed into 
the bores of the bevel gears and support them on stainless- 
steel shafts. Low static friction and lost motion between 
any two end gears are kept to a minimum by careful 
design and manufacture. The differential shown in Fig. 5 
hasone clamp plate removed for fitting an interchangeable 
64 D.P. end gear. These interchangeable end gears are 
available in 48, 64, and 96 D.P., the range of teeth in 
64 D.P., for example, being 72, 80, 84, 96, 100, and 120 
and catering for popular demand. The output-shaft 
diameter has been standardized at }; in. for the same 
reason, 

Fig. 6 shows the differential when two selected end 
gears have been fitted. The counterbalance block on the 
spider shaft is adjusted individually on each differential, 
and the friction clamping exerted by the clamp plates is 
more than adequate for the intended tooth loading of the 
end gears. 


Components for Torque Measurements 


The measurement of servomotor characteristics under 
varying conditions of load is a necessary feature of 
performance testing, and it is considered necessary to 
provide parts to assemble a torque “gallows” for this 
purpose. Two pillars, 18 in. in length, are attached by 
supporting blocks to the slotted platform, the tops of the 
pillars being joined by a cross-bar which is drilled to 
accommodate adjustable spring-balance bars, as shown 
in Fig. 7. A pulley at the end of each balance bar carries 
a tension cord to a spring balance from tension adjusters 
and pulley blocks attached to the main vertical pillars. 
Synchros or servomotors can be mounted in hangers or 
in V-blocks below the gallows. A pulley is fitted to the 
motor shaft, and a separate length of cord, passing 
around the motor pulley, joins the hooks of the spring 
balances. Two balances are provided, to enable torque 
1960 
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Fig. 6. A differential with two end gears fitted to the bevel 


gears. 
measurements to be made when the direction of motor 
rotation is reversed, without rearrangement of the 
gallows. By means of a mark on the pulley and a 
stroboscope, values of speed can be obtained and the 
torque/speed characteristics determined. Requiring a 
surface area of only 14 sq in. each, the pillar supporting 
blocks are easily attached to the platform, and the 
gallows can be readily erected over the prototype 
assembly at any time to provide a known torque or for 
measurement purposes. The inclusion of V-blocks as 
mechanical components is to cater for testing a batch of 
new motors, and avoiding the fitting of clamps and 
attaching each motor to a hanger in turn. Finger 





Fig. 7. A torque gallows erected over a model in course of 


construction. 
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tightening of the V-block clamping screws is sufficient 
to ensure that the motor will not slip. 

Only one manufacturer has so far marketed a torque 
gallows, but a number of torque “‘clocks” are available, 
consisting basically of a shaft turned against a calibrated 
spring. The instrument is fitted with a chuck by which it 
is attached to the shaft on which measurement is 
required and is held in the hand, so as to exert a torque 
against shaft rotation. The intermediate spring is coiled 
or uncoiled until the forces balance, and the value of the 
torque is read from a scale in the handle of the instrument. 
The application of this instrument is largely limited, and 
the simple gallows, costing considerably less, is of much 
wider application in servo work. 


Shaft Couplings 


Many different varieties of shaft couplings have been 
produced of both flexible and rigid types. For backlash- 
free systems, the metal bellows coupling, which is 
generally considered the only satisfactory solution, 
permits a slight lateral displacement of the coupled 
shafts of the order of 0-010 in. and operates at speeds up 
to 10,000 rpm under conditions of about 240 oz-in. 
maximum torque. 

Naturally, the above values apply only to one small 
group of products of a particular manufacturer, but are 
representative of typical values to be expected in com- 
ponents suitable for the shaft sizes under consideration. 
The lateral displacement permissible for misaligned 
shafts should be approximately 0-001 in./rev. per 
convolution. Little published data on the performance 
of bellows couplings are available, but the graph shown 
in Fig. 8 gives representative values of angular deflection 
for a given applied torque, the backlash being twice the 
angular deflection. 
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Fig. 8. Static characteristics of a typical bellows coupling, 
showing the angular deflection for a given applied torque under 
different conditions of shaft misalignment. 

Where backlash is unimportant, or torque is low, 
inexpensive rubber-bonded couplings are available, in 
which two metal bushes are bonded together with 
approximately 4 in. of intervening rubber and provide a 
simple shaft coupling which is quite satisfactory for most 
applications. 

Rigid couplings are also essential components, in 
addition to the two forms of flexible couplings already 
described. Apart from the simple sleeve coupling, a new 
component of interest has been produced, this being the 
universal shaft adapter, which, as its name implies, will 
couple together shafts of different diameters. It consists 
of a length of 4-in. diameter brass bar drilled along its 
axis at }-in. diameter for half its length, and 3,-in. 
diameter for the remainder. Split sleeves reducing to 
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js- and 4-in. diameter can be inserted at each end 
respectively to couple any combination of shafts of 
4, #, and } in. diameter. 

The above four types of couplings have been stan. 
dardized to fit shafts of $, i, and } in. diameter. Many 
other types exist, such as Oldham couplings, multi- 
jaw couplings, and universal-joint couplings, but 
standardization of these components appears a little 
premature at present, since the demand for their use js 
far outweighed by the demand for the other types. 


Miscellaneous Components 


For the construction of prototype servomechanisms 
and any similar device, it is necessary to turn the parts 
by hand during the experimental stages. Hand cranks 
have been produced for the different shaft sizes involved, 
and accurately calibrated dials with split hubs are 
available for checking rotation of members. 

Three different lengths of terminal-strip pillars are 


available to allow terminal strips to be mounted in tiers. , 


One maker prefers to use machined blocks which 
provide “steps” on which the terminal strips are screwed. 
These, however, are expensive and have the disadvantage 
that two terminals at each end of the strips are obscured 
by the thickness of metal of the blocks. Pillars are much 
less expensive and more effective. 

Most manufacturers have realized that, to present an 
extensive catalogue containing many hundreds of items, 
is not necessarily the best course. To establish the actual 
parts required to build a prototype design is by no means 
easy, especially if its designer is unfamiliar with the 
components. In this respect, it has become a common 
practice to offer the components in kit form, the contents 
of a kit being selected for usefulness in a particular 
application. Thus, there are platform kits which 
provide, in addition to the platform and its legs, shaft 
hangers and lengths of shafting, and the designer can 
then fit whatever pulleys or gears he wishes to the shafts. 
Gear kits provide sets of gears with shafting and hub 
clamps only. Torque gallows kits, differential kits with 
sets of interchangeable end gears, and breadboard kits 
are also available. These breadboard kits are of special 
interest, because they contain the widest variety of 
standardized components and invariably incorporate the 
contents of the other kits. A typical breadboard kit is 
shown in Fig. 9. 

One manufacturer produces coupling kits, each 
containing a wide variety of shaft couplings, and kits to 
build speed reducers of International Frame Sizes in 
various preselected ratios are rapidly becoming popular. 
These speed-reducer kits are of great value because a 
precision speed reducer is an expensive item and to stock 
only one of each standard ratio can cost hundreds of 
pounds. In the kits, various gear and pinion assemblies 
are supplied to be inserted between the bearing plates, as 
required, and different combinations of these assemblies 
will provide a limited choice of reduction ratios up to 
approximately 3000 : 1. 

Unfortunately, the ratios generally available are not 
exact whole numbers, and there remains considerable 
room for development in this direction to standardize 
these ratios. Multiples of 60 are recommended, since 
time is the physical quantity most associated with speeds 
and velocities. Another useful range of ratios which 
could be established as a standard is based on 4":1 
where 7 is a positive integer. In this case, the inter 
changeable gear and pinion assemblies can all be similar, 
thus cutting cost, and, if an additional output pinion 1s 


DIGEST 


THE ENGINEERS’ 





| 
| 





I POS 





provid 
wide r 
obtain 


Asser 
Com} 


In 
variou: 
sketch. 
the ser 
layout 
mecha 
engine 
needs 
constr 
of the 
its con 

The 
the ru 


\ Serve a 


to the 

the ple 
tapped 
fitted | 
nation 
clamp 

differe 


\ compe 





in the 
inserti 
lappec 
tighter 


JUN 





end 
$ of 





tan- 
lany 
ulti- 

but 
little 
Se is 


isms 
Darts 
anks 
ved, 

are 


; are 
tiers. 
hich 
wed. 
ntage 
“ured 
much 


nt an 
tems, 
ctual 
neans 
1 the 
amon 
tents 
cular 
which 
shaft 
r can 
hafts. 
| hub 
, with 
1 kits 
pecial 
ty of 
te the 
kit is 


each 
‘its to 
res in 
pular. 
use a 
stock 
ds of 
nblies 
es, as 
nblies 
up to 


re not 
erable 
ardize 
since 
speeds 
which 
4" :1 
inter- 
milar, 
ion is 


EST 





EN EW 





Fig. 9. A typical breadboard servomechanism kit. 


provided to produce a 2: | ratio at the last pass, a very 
wide range of whole-number ratios of 2” :1 can be 
obtained. 


Assembly of Standardized Mechanical 
Components 


In the beginning, the design engineer considers the 
Various aspects of the project and produces a rough 
sketch. Traditionally, the engineer would now call upon 
the services of the Drawing Office to produce an accurate 
layout drawing for the prototype but, with standardized 
mechanical components, this step is eliminated. The 
engineer can order directly from the maker the parts he 
needs for his design, with confidence in his ability to 
construct the prototype himself immediately on receipt 
of the parts, and to achieve a high degree of accuracy in 
Its construction. 

The first stage in the assembly of a model is to attach 
the rubber feet to one end of the pillars which are to 


) Serve as legs for the platform. The legs are then attached 








to the platform by inserting the screws from above into 
the platform corners and tightening the screws into the 
tapped holes in the legs. Electrical components are next 
fitted to the component hangers, in the case of Inter- 
national Frame Size electrical components by using the 


__ clamp screws provided, after which gears, couplings, 


differentials, etc. are fitted to the shafts of the electrical 


, Components. The component hangers are then mounted 


i their approximate positions on the platform by 
iserting socket screws from below the platform into the 
tapped holes in the hangers. The screws are not fully 
tightened until all the components have been attached. 
JUNE, 
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Working from one side of the platform, shafts are 
fitted with gears, shaft hangers, dials, etc. in the same way 
as the component hangers. By using an engineer’s 
square, the component and shaft hangers are aligned, 
using the machined edges of the platform as a reference. 
Terminal strips to facilitate electrical wiring are then 
mounted on the terminal-strip pillars, and these are 
attached to the platform in the most convenient positions. 
When the installation has been completed, it can be 
operated under all the environmental conditions likely to 
be encountered later and the design can be fully 
evaluated. 


Conclusion 


It is considered that the use of standardized mechani- 
cal components in development work does much to 
reduce the overall costs of production models. The 
advantages gained in development work, both in time and 
in cost, and the demand for these components are proof 
of their popularity, and in some cases they are even 
being used in the production models, as well as for 
development purposes. 

To reduce costs, some compromise must usually be 
effected. Components of reasonable accuracy produced 
in quantity can normally give quite satisfactory service at 
low cost. The compromise should be made by the 
designer of the equipment, not by reducing the quality 
of the components, but by asking himself if a specified 
tolerance is really necessary and by retraining from 
putting very exacting limits on drawings unless these are 
vital. The use of standardized mechanical components 
avoids this tendency. 
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Force-Transmission Characteristics of Simple and 


Composite Friction Systems 


By K. ROTH 
From Feinwerktechnik, Germany, 
Vol. 64. No. 4, April 1960, 
pp. 134-142, 25 illustrations. 


WHENEVER friction occurs in mechanisms, whether 
desirable or not, it is of very great importance to know 
the magnitude of the coefficient of friction, its variation 
under changing operating conditions, and the influence 
of this variation on the maximum transmissible friction 
forces. While it is not normally possible to control 
variations in the coefficient of friction under different 
operating conditions, it is, however, frequently possible 
to reduce or, if required, to increase the forces caused by 
friction by suitable design of the friction-transmission 
arrangement. 

It is the object of this paper to investigate the principal 
types of friction systems and their force-transmission 
characteristics, in order to establish a basis for the 
development of various types of friction clutches with 
substantially constant values of maximum transmissible 
torque. The analysis given below, however, is sufficiently 
general to be applicable to all cases in which forces have 
to be transmitted by friction. 


Simple Frictional Systems 
Consider two bodies in contact, as shown in Fig. 1. 
The lower body is moving towards the right, while the 
F 
‘ 
V&A, 
a a oer 
XM GGG 


Linear friction system, as expressed by eq. (1). 











Fig. 1. 


upper body is applying on it a vertical force F. If is the 
coefficient of friction of the mating surfaces, the maximum 
force that can be transmitted by frictional contact in the 
plane of the mating surfaces is 


Fr uF ee os ne ~ aod (1) 


In the modified arrangement shown in Fig. 2a, the 
force F applied by the upper body generates friction and 
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Fig. 2. Non-linear friction systems, as expressed by eqs. (2) 
and (3). 
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also has a component in the plane of frictional contact. 
As a result, the total force transmitted through friction is 


Fr=pF/(l+utanp) .. e a (2) 
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This equation is obtained from the equilibrium condi- 
tions, assuming that the lower linkage point is approxi- 
mately at the level of the plane of contact, so that the 
additional couple due to Fr can be disregarded. Eq. (2) 
shows that, when vu is increased, Fx also becomes greater, 
but to a lesser extent than in the linear relationship 
expressed by eq. (1). 

If the link is rotated about its lower linkage point so 
that the angle B is greater than 90° (Fig. 2b), the value of 
tan B becomes negative, with the result that 


Fr=yuF/(1—utang) .. iva ib (3) 


In this system, the force transmitted by friction will 
increase with u, but to a greater extent than in the linear 
case. 


Force-Transmission Characteristics and their Derivatives 


At this point, it is convenient to introduce a “trans- 
mission factor’ A, defined as 


M=PrR/F .. ee eis Si — (4) 


This factor can be regarded as the equivalent coefficient 
of friction of a linear system representing the non-linear 
system considered. In the case of the linear system 
expressed by eq. (1), A = uw. For the systems expressed 
by eqs. (2) and (3), the transmission factors are respec- 
tively 4 =yu/(1 + utan Bp) and A =yu/(1 — uw tan B). 

The transmission factor 2 takes 
coefficient of friction 1 and the design parameters; hence, 
it characterizes the frictional behaviour of a system. For 
example, a system for which A = 4 indicates that the 
transmitted force can be at most four times greater than 
the force F. This frictional force will occur, of course, 
only if an external action attempts to move one of the 
mating surfaces along the plane of contact. The force 
Fr, therefore, is not produced by the force F, but bya 
third force which causes an initial movement. In all 
cases, F is only the “positioning force’? producing 
frictional engagement. 


Fig. 3. Linear friction system, 
as expressed by eq. (ir). 


Friction systems with radial arrangements, e.g., 4 
shaft supported on a bearing, or a friction-band and 
pulley, can also be divided into three main types, accord- 
ing to their design features and A-characteristics. For 
such systems, A denotes the ratio of friction force to 


force F at the radius r of the shaft or pulley. For the 
system shown in Fig. 3, 
Fr/F=2A=p2 in és i .. (lp 
whereas, for the system in Fig. 4a, 
A=l-—ew .. Es Ae 
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Fig. 4. Non-linear friction systems, as expressed by eqs. (2r) 
and (3r). 


where~ — angle of contact. If the action of this system is 
reversed by applying the tensioning force F on the right 
side and fixing the friction-band to a frame on the left 
side (Fig. 4b), the transmission factor becomes 


A= evr — 1 (3r) 


The characteristics of the six simple systems, correspond- 
ing to eqs. (1), (2), (3) and (Ir), (2r), (3r) are illustrated 
in Fig. 5, as plots of A against ». It can be seen that the 
friction force Fr can be considerably greater than the 
force F in systems of type (3). It can even become 
infinitely great for finite vaiues of u and B, whereas this 
is not possible with systems of type (3r) for finite values 
of uandg. 
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Fig.5. Characteristics of friction systems, (a) corresponding to 

eqs. (1), (2), and (3) under the assumption that (; — 75°, and (b) 

corresponding to eqs. (ir), (2r), and (3r) under the assumption 
that 9 = 1 radian. 


As mentioned before, the coefficient of friction wu is 


subject to considerable variations due to operating 
conditions, i.e., static friction, sliding friction, and 
friction corresponding to boundary-lubrication or 


hydrodynamic-lubrication conditions. It is also depen- 
dent on various other lubrication conditions and on 
surface changes. Therefore, it is appropriate to consider 
more closely the influence of changes in the coefficient of 
friction on the transmission factor A by examining the 
derivatives A’ = dA/du and A’’ = d?A/dy2. 

For systems (1), (2), and (3), the derivatives of A are 
as follows: 


System (1) 2’ a x 0 — Ns (1’) 
System (2) i’ 1, B i (2tan B)/B?  (2’) 
System (3) A’ 1/C? ”’ (2tanB) C? (3’) 
where B = 1 + wtan Band C = 1 — wtanfB. Egs. (2’) 


show that the relative change in friction force in system 
(2) is less than the corresponding change in the coefficient 
of friction. This is an important feature in connection 
with the design of friction devices which are required to 
be fairly insensitive to variations in the coefficient of 
friction. Moreover, it follows from eqs. (2’) that, if 
large y-values are used, the force-transmission factor A 
will become less sensitive to u-value fluctuations. 

For system (3), eqs. (3’) show that the friction force 
Fr is extremely sensitive to changes in the coefficient of 
friction. In arrangements of this type, the friction force 
JUNE, 
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can be a large muitiple of the force F. For positive u- 
values, eq. (3) can be used to obtain a limiting condition 


lim A = lim (u/C) = o.. - ie _ (5) 
c-d0 


The coefficient of friction required to obtain this “locking 
condition” will be referred to as the “‘critical coefficient of 
friction”’ ux for a specified value of the linkage angle B. 
If the u-value varies between the usual limits of zero and 
unity, the critical condition of eq. (5) will be reached only 
iftan B > 1 orB >45. The transmission factor is then 
infinite, and the friction force transmitted by the system 
is limited only by the mechanical strength of the 
transmission elements. 

Considerable similarity exists between this type of 
“locking engagement” of a friction system and the fully- 
rigid interlocking of a fixed connection, the only difference 
being that a fixed connection is independent of friction, 
whereas a locked friction system remains dependent on 
friction. 

For the radial arrangements of systems (Ir), (2r), and 
(3r), the derivatives of A are as follows:— 


System (Ir) A’ = 1 A” =0 (Ir’) 
System (2r) A’ = ge-¥? d’’ = —Q? e-¥9 (2r’) 
System (3r) A’ = ge? A’ =@? ev? (3r’) 


It can be seen from the negative value of the second 
derivative and the trend of the values in Fig. 5 that 
system (2r) is basically similar to system (2). System (Ir) 
is, of course, the rotary equivalent of system (1). 


Particular Properties of System (3) 

It is possible, by means of the A-characteristics, to 
determine the friction-transmission force Fr and to 
assess the behaviour of a friction system for a wide range 
of u-values. As long as u < ux, Fr will increase to any 
arbitrary high value more rapidly than uw. The situation 


is more difficult if 2 = us or wu > wa, Viz.: 
ic = the ry L | ry ne | Xr L 
th < Ue A<0 | a >® | A’ <0 


From eq. (4) it is apparent that a negative A indicates 
either a negative force F or a negative friction force Fr. 
The negative force F, however, both as regards magnitude 
and direction, is precisely the force which would be just 
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Fig. 6. Release from frictional engagement by a vertical dis- 


engaging force F,, or by a horizontal force F;;,. 


about, but not quite, sufficient to release the friction 
members from frictional engagement, if such a force 
were present. To obtain release, an additional force Fr 
is necesssry (Fig. 6), which is defined by 


Fy, => F —(Fr:/A) ns avs ‘6 «. |} 


where Fre < Fr. Fig. 7 gives, as an example, the ~ A- 
characteristics of a system of type (3), with B — 75 
Taking, for example, the pair of values 1 = 0-35 and 
r 1:2 in the region u > ux (Fig. 7), substitution in 
eq. (6) yields 
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Fi, =F+3 
This indicates that the force required to disengage the 
mating surfaces must be at least 3ths of the frictional force 
Fr: plus the force F, which has also to be overcome. 
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When the coefficient of friction is larger, say 0-6, 
Fig. 7 gives } as —0°5. The disengaging force in this case 
is 

Fr, > F + 2Fr 
i.e., after overcoming the primary force it must be twice 
as great as the friction force being transmitted. 

For systems which can reach locking conditions, 
therefore, the primary force F is necessary only to 
initiate frictional engagement. After engagement has 
taken place, the force F can be reduced to zero, or can 
even be negative, without causing disengagement, as long 
as the transmitted friction force Fr: is greater than zero. 
Self-sustaining friction systems thus have the property 
that the disengaging force depends on Fr:-. 

Instead of a force Fy, directed upwards, a force Fri, 
acting parallel to the plane of contact but in the opposite 
direction to the friction force Fr+, can be used to bring 
about disengagement; this horizontal disengaging force 
can be defined as 


Fri = Fre — Fx ie ae . ~ (7) 


‘For example, if 1 = 0-35 and A = — 1-2, 
release force Fr. 2 Fre + 1:2F. For u 
= —0°5, Fr, = Fre + 0:5 F. 
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Fig. 8. Friction force F, as a function of the coefficient of friction 
u. for systems (1), (2), (3), and (3a), line L indicating the limit of 
locking conditions for curve (3a). 
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Thus, for specified values of Fr: and w, eqs. (6) and (7) 
provide two possibilities of disengagement, and make it 
easy to determine which of these requires less force (at the 
point of application of F or of Fr) to obtain disengage- 
ment. 

To sum up, positive A-values indicate the frictional 
force that can be transmitted by the system, whereas 
negative A-values are an inverse measure of the release 
force required to disengage a self-sustaining system, 
with F = 0. Fig. 8 shows the friction force Fr plotted 
against the coefficient of friction u for the systems (1), (2), 
and (3), curve (3a) referring to system (3) with u > ux. 
Since, according to eq. (4), Fr is proportional to A, these 
curves are very similar to the A-characteristics. 








Friction (1) (2) (3) (3a)* 

System ¢} ys ad B =75° B 80 

F [kg] 6-667 10-399 3-001 0-995 

A Fr [kg] 0-167 +O-111 +0°514 + 22-133 
—0-114 —0-297 — 0-573 








* Still operative outside the self-sustaining region. 


If all the systems transmit a maximum frictional 
force Fr of 1 kg with, say, 1 = 0-15, the engaging force F 
will be different in each case. If, for example, the 
fluctuation of the coefficient of friction Au 0-025, 
the corresponding change A Fr will also be different for 
each system. The above table (based on Fr 1 kg 
and w=0-15) gives numerical values indicating that 
system (3) is suitable for generating large friction forces 
Fr from small forces F, whereas system (2) gives Fr- 
values which are less sensitive to variations in the 
coefficient of friction. 


(To be concluded) 





Experience with Russian 
Liquid-Metal Pumps 


(Concluded from page 116) 


50°C, and the fourth for 1000 hr on sodium at tempera- 
tures between 300° and 400 C. All these pumps are easy 
to operate and are very reliable. 

It is true that a.c. conduction pumps can be used 
satisfactorily only for deliveries up to 10,000 litres/hr, 
induction pumps with a travelling magnetic field providing 
a better solution where higher outputs are required. One 
pump of this type consists of two flat inductors arranged 
above and below a channel through which the liquid 
metal flows. The width of the channel, which is made 
from a chrome-nickel steel, is 150 mm, the height being 
6:1 mmin one designand 8-7mminanother. A three-phase 
eight-pole winding is laid into grooves in the inductors, 
together with copper tubes for cooling water. Copper 
bars inside the channel have the same function as the 
short-circuiting rings of an asynchronous motor. 

One pump of this type, which had a peak efficiency 
around 15%, was operated with sodium-potassium for 
300 hr at a temperature between 150° and 200°C, but it 
was found that its cooling system failed to provide 
adequate protection of the winding against heat, and 
wetting of the winding caused a breakdown of the 
insulation on two occasions. It is hoped, however, that, 
after some modifications, this pump will operate satis- 
factorily at temperatures between 200° and 250°C and 
with a delivery up to 30,000 litres/hr. 
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Experience with Russian Liquid-Metal Pumps 


By P 


Pumps designed for handling water and similar liquids 
( are unsuitable for liquid metals such as sodium and 
sodium-potassium, because of the difficulty in, sealing 
and operating such pumps at the high temperatures 
involved (300° to 500°C). Special designs of centrifugal 
and electromagnetic pumps have therefore been 
developed for this purpose. 

The design of centrifugal pumps for temperatures below 
400°C no longer presents any difficulties, and, in fact, 
designs operating between 550 and 600°C are currently 
available. The high electrical conductivity of liquid 
metals has made possible the design of pumps in which 
the hydrodynamic pressure is produced by electro- 
magnetic methods, rendering the problem of sealing 
much easier. However, these pumps have a very low 
efficiency, i.e., only about 50°, of that of centrifugal 
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Fig. 1. Centrifugal liquid-metal pump with canned motor. 
(1) Impeller, (2) Asynchronous motor. (3), (4) Ball bearings. 
(5) Steel sleeve. (6) Beryllium-bronze bush. (7) Protective collar. 

(8) Sealing rings. (9) Drain for removing leakage metal. 
(10), (11) Cooling arrangements. 
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pumps of comparable ratings, though they have been 
used successfully in experimental and semi-industrial 
plants, where their advantages outweigh their disadvant- 
ages. Nevertheless, it cannot yet be said which of the 
two types will be adopted for future large-scale plants. 

Fig. 1 shows a centrifugal canned-motor pump which, 
at 990 rpm and with a head of 23 metres of liquid metal, 
delivers 10,000 litres/hr. At 1450 rpm, the maximum 
head is 55 metres. In this pump, the impeller, 415 mm in 
diameter, has fourteen blades and is driven by a 10-kW 
asynchronous motor. The impeller is provided with 
seven holes of 8 mm diameter for relieving axial thrust. 
The motor and the impeller are mounted on a common 
shaft, supported in three bearings. A collar prevents the 
lubricant from the upper ball bearings from seeping into 
the liquid metal. The lower bearing, whose sleeve is 
made of a high-alloy steel and the bush of a beryllium 
bronze containing 2% beryllium, is lubricated by the liquid 
metal, the clearance between the sleeve and the bush 
being, when cold, 0:20 to 0:25 mm. The sealing rings are 
made of the same beryllium bronze as the bearing bush, 
while all other parts of the pump are made of a chrome- 
nickel steel. The motor is cooled internally by an inert 
gas, an additional water-cooled coil originally provided 
proving unnecessary. 

In tests with water, this pump showed an efficiency 
of 40°, at 990 rpm and with a delivery of 6500 litres/hr. 
The pump was then run for 2000 hr with sodium- 
potassium at temperatures ranging from 200° to 400°C 
but, after 1500 hr, the bearing bush showed a wear of 
2 mm on one side and had to be replaced. The main 
disadvantages of this design are considered to be diffi- 
culties in dismantling and its heavy weight. 

Another Russian pump of the same type is more 
compact and of simpler design. This pump is driven by 
a 2900-rpm canned motor, the rotor of which is cooled 
by an inert gas, the casing and bed-plate being water- 
cooled. The impeller, 164 mm in diameter, is mounted 
on a shaft supported in two bearings. The lower 
bearing is lubricated by leaking metal, which is then 
allowed to flow into the sump, the amount of this 
leakage varying from 50 to 200 litres/hr, according to the 
load. 

At temperatures near 450°C the service life of this 
bearing showed a rapid decrease, because of the decreas- 
ing strength of the beryllium bronze. Better results were 
obtained with a bearing which had a high-alloy-steel 
sleeve and a_ beryllium-bronze bush, the clearance 
between these two components being from 0-12 to 0-15 
mm. Smaller clearances cause seizure, while greater 
clearances result in a reduced service life. This pump 
was run for 2000 hr with sodium-potassium, and for 
7000 hr with sodium, with an average metal tempera- 
ture of about 200°C. During the operation of these 
pumps the penetration of sodium vapours into the motor, 
and their condensation on the internal walls of the 
machine, led to the formation of sodium hydroxide, 
resulting in a rapid destruction of the winding. 

At higher temperatures, bearings become the weakest 
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point in the machine. 
a number of designs have been developed which incorpo- 
rate a frozen-sodium seal, this seal also acting, in effect, 
as an additional bearing. A pump of such a design is 
illustrated in Fig. 2. This pump, which has an output of 
25,000 litres/hr at a head of 100 metres, is driven by a 


In order to avoid this drawback, 


14-kW motor operating at 2960 rpm. The shaft (3) is 
supported in two radial ball bearings (5) at the lower end 
and in two double-purpose ball bearings (4) at the upper 
end, the frozen-sodium seal (6) acting as a third bearing. 
In the region of this seal, the pump shaft is surrounded by 
two cooling chambers, so that the cooling medium and 
the frozen sodium are separated by two metal partitions, 
enabling water to be used as the coolant. The frozen- 
sodium seal (Fig. 3) is not only efficient, but also has the 
advantage of being entirely free from wear and of being 
able to resist practically any temperature. 

The main shortcoming of this type of pump is leakage 
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Fig. 2. Centrifugal liquid-metal pump with frozen-sodium seal. 


(1) Motor. (2) Impeller. (3) Shaft. (4) Double-purpose ball 
bearings. (5) Radial ball bearings. (6) Frozen-sodium seal. 
(7) Packing. (8) Bolt. 
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Fig. 3. Arrangement of one design of frozen-sodium sea 


through the casing joint as a result of sudden changes in 
temperature, which cause unequal expansion of com- 
ponents during heating. However, this difficulty can be 
avoided by heating the machine prior to starting, in 
which case the total amount of sodium leakage is from 
only | to 2 grams per day. 

Two pumps equipped with frozen-sodium seals of 
this type have been tested for about 2000 hr at tempera- 
tures between 400° and 500°C and are still in operation. 
A third pump of similar type is cooled with sodium- 
potassium by means of a special electromagnetic pump 
and a heat exchanger. This pump has been in operation 
for more than 5000 hr at average temperatures of 400° to 
500°C. Experience seems to indicate that pumps with 
frozen-sodium seals are one of the simplest and most 
reliable methods of handling sodium. 

Of the many types of electromagnetic pumps in 
existence, a.c. conduction pumps are considered to be 
particularly suitable for use in experimental plant. This 
is mainly due to the fact that these pumps do not require 
special current-supply equipment and can readily handle 
liquid metal at temperatures between 400° and 600°C, 
as distinct from induction pumps, which are unsuitable 
for this purpose. A typical single-phase a.c. conduction 
pump, rated at 220 V, 30 A, has an output of 4000 
litres/hr at a pressure of 2 kg/cm2. The pump and 
supply transformer have a common magnetic circuit 
made of electrical steel, rectangular wire, with a cross- 
sectional area of 4-55 mm2, being used for the two coils 
of the primary winding, each of which has 130 turns. 
The winding of the pump and the secondary winding of 
the transformer are constructed as a single unit from 
water-cooled 20 « 5 mm copper tubing. Current is fed 
from the secondary winding of the working section, 
which consists of flattened thin-walled chrome-nickel 
tubes with a wall thickness of 0-5 mm, located close to 
each other and connected in series. With this design, it 
has been found possible nearly to double the head and to 
compensate for armature reaction. 

Four of these pumps have been in operation at 
various plants. One pump operated for 250 hr on 
liquid sodium at a temperature of 450°C, and another 
for over 2500 hr on sodium-potassium at a temperature 
of about 250°C, while the third pump operated for over 
3500 hr on sodium-potassium at a temperature of 40° to 


(Concluded on page 114) 
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Programme Costs for a Manned Space Station 
By R. H. LUNDBERG and T. E. DOLAN* 


Tue advent of space exploration, while opening up new 
frontiers, has also posed a number of problems, one of 
which is in connection with the cost of space programmes. 
Specifically, each programme represents such a large 
investment that it is necessary to present a complete 
costing picture for the entire programme, and it is there- 
fore the object of this paper to develop the costs for a 
manned space station and to examine and discuss their 
composition. 

In order to establish a programme, it is assumed that 
the objective is to develop a versatile manned space 
station which fulfils a number of basic requirements, 
including the following: 

(1) The station must be capable of conducting 
scientific and engineering tests, both manned and 
unmanned. 

(2) The station must have sufficient flexibility to 
permit changing the testing programme with little 
or no modification. 

(3) The station must support all facets of space-crew 
training, including injection into orbit, rendezvous, 
navigation, in-space repair and maintenance, 
entry, and point-return manceuvring. 

(4) The costs of the test-station system must be 
reasonable, and fiscal-year funding requirements 
must be compatible with national budget 
policies. 

The primary features of a system which meets these 
requirements include a modular concept of a separate 
entry vehicle and space station. Upper and lower fan- 
shaped lightweight structures on the sun-orientated 
vehicle support solar cells which, in this particular 
example, provide 5-5 kW of electrical power for the space 
test-station assembly. A 300-mile earth orbit has been 
selected to provide a true space environment, but is still 
close enough to afford economical proximity to the earth 


and also to avoid the radiation hazards of the inner Van 
Allen belt. The size of the station has been selected as 
suitable for accommodating a crew of three for fourteen 
days, crew return being accomplished by their entering 
the entry vehicle (which is a lifting manceuvrable body), 
separating from the space station, and making a point 
return to a preselected landing site. Subsequent manned 
use of the station consists of injecting an entry vehicle 
into orbit and effecting a rendezvous with it. Included in 
subsequent missions is an entry-vehicle payload of 
583 Ib of expendable materials, such as food and oxygen, 
for reprovisioning the test station. It is also possible, by 
the modular design approach, to make the station of any 
desired size for any reasonable man/day requirements 
and to avoid reprovisioning payload weights on sub- 
sequent operations. The test station under consideration 
has a total weight of 10,090 Ib, the entry vehicle weighing 
5750 Ib and the space laboratory (including 773 Ib of test 
and associated equipment) 4340 Ib. 

This space-station system permits development and 
qualification and scientific testing under both manned 
and unmanned conditions, includes the necessary 
elements for all phases of crew training, and has the 
required flexibility of contents and arrangement. As 
such, it is concluded that the assembly fulfils the 
conditions stipulated in the programme. 

The basic objectives in establishing the development 
programme to provide this manned space station are to 
produce the best-possible programme consistent with the 
overall national effort which will successfully accomplish 
the basic objectives most economically in the shortest 
practical time. The programme falls naturally into three 
distinct phases, i.e., (1) developing the entry vehicle, 





* Respectively section chief, Value Engineering, and project 
engineer, Manned Projects, of the Vought Astronautics Division of 
Chance Vought Aircraft, Incorporated. 


































































































TABLE I: SUMMARY OF PROGRAMME COSTS FOR THE MANNED SPACE STATION 
\| 
1] COSTS [millions of dollars] 
| ENTRY VEHICLE Space LABORATORY MANNED SPACE STATION 
| NR R Total VR R Total NR | R__|_ Total 
|| 
| AIRBORNE SYSTEMS 
I} Entry Vehicle 
Structure | 42-0 19-5 61-5 6-0 6-0 
| Equipment 47 20:8 68-0 6-4 6-4 
Space Laboratory 
[_ “—  .. . = 37-4 4-0 41-4 3-2 3-2 
| Equipment ~- 65:5 41-0 106:5 32:8 32-8 
Boosters 52-4 47:2 99-6 69 9-6 16-5 103-1 49-2 152-3 
Torats 1416 | 87-5 229: 109:8 54-6 164-4 103-1 97-6 200-7 
FuiGHT-Trest PROGRAMME 
Ground-Support Complex 99°5 99:5 36:7 36:7 59-6 59-6 
Flight-Test Operations 38:7 38-7 7-2 7-2 16°6 . 16-6 
Support Programmes 15-0 15-0 7-7 - 7-7 9-7 9-7 
TOTALS 153-2 - 153-2 51-6 51-6 85:9 85-9 
SysteEMS MANAGEMENT x 69 -- 69 3-9 — 3-9 5-1 = 5-1 
OveRALL TOTALS 301-7 87-5 389-2 165-3 54-6 219-9 194-1 97-6 291-7 
JUNE, 1960 Volume 21, No. 6 117 





(2) developing the space laboratory, which has been 
given the copyright name of “Satellab’’, and (3) develop- 
ing the manned space station; for the purposes of 
this paper, it is assumed that a single mission will 
accomplish the immediate objectives. 

In general, each of the three phases of the programme 
will require the following:— 

(1) A flight-test programme to qualify the vehicle and 

its various combinations of systems. 

(2) The necessary technicians, facilities, and equip- 
ment to support the individual flight-test 
programme. 

(3) The necessary hardware to conduct the flight 

tests, including vehicles and boosters. 

A research and development programme to 
produce the technology to develop the hardware 
and to qualify the various components and 
systems in the hardware items. 

Supporting activities, such as documentation, 
training, flight simulators, and spares. 

Parametric cost data have been developed for costing 
purposes based on past experience, related programmes 
which have been conducted or costed, and vendor 
subcontractor quotations. For optimum programme 
cost, a flight-test programme must be developed which 
ensures that only essential tests will be planned, that there 
will be a maximum safe number of tests per launching, 
and that there will be a minimum number of vehicles, 
with only those particular systems required to conduct 
specific tests, and a minimum number of boosters, which 
will be of standard available types of a size adequate for 
specific tests. 

The research-and-development part of the programme 
phases are basically engineering activities covering study 
and analysis, developmental tests to provide engineering 
information, and qualification tests, such as functional 
and reliability tests, to prove component and system 
design. These activities are supported by costly purchased 
or fabricated items such as components, systems and 
sub-systems, and structural assemblies. 


(4) 


(5 


— 


Programme Costs 


A breakdown of the total costs of the programme is 
given in Table I, which summarizes the costs in terms of 
the airborne systems, the flight-test programme, and 
systems management, the individual costs being further 
broken down in terms of non-recurring costs (NR) or 
recurring costs (R). 

It will be seen from Table | that the total programme 
cost of the manned space test-station is $900,800,000, of 
which the overall costs of the entry vehicle is $389,200,000, 
of the space laboratory $219,900,000, and of the manned 
space station, comprising assembly of the entry vehicle 
and “‘Satellab’’, $291,700,000. The total non-recurring 
costs are $661,100,000, representing 73-4°, of the total 
programme costs, as against 26-6%, for the recurring cost. 

These total costs are also summarized in Fig. 1, 
which, in addition, shows the cumulative costs of the 
programme over a period of five years to completion. 
It will be seen that the maximum fiscal-year funding 
requirement on this five-year schedule is $284,700,000 
between the first and second years after the start of the 
project. 

Other analyses of the cost of the programme have also 
been made, including costs of research and development, 
design, tooling, and testing, and hardware and booster 
requirements, including mission requirements. Some of 
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gramme on the basis of a five-year schedule. 
the conclusions derived from these breakdowns of costs 
are as follows:— 

(1) The actual assembly, i.e., the entry vehicle and 
“Satellab”, orbiting the earth costs $12,100,000, 
representing only 1:3°, of the total costs 
(entry vehicle 0:3°,, “Satellab” 1-:0%). 

(2) If, after completion of the programme and mission 
outlined, it is considered desirable to send up a 
second complete assembly three months later, the 
total costs of this follow-on programme would be 
$27,000,000, or 3°, of the cost of the initial 
programme. 

(3) The total equipment costs for the systems, etc. in 
the space vehicle are 23-7°,, of the total programme 
costs. On a pro-rata unit cost, this represents 
$3050 per pound. After development, equipment 
costs for subsequent missions are reduced to 
$1500 per pound. The corresponding costs for 
structures are $2770 and $755 per pound 
respectively. 

(4) The engineering-design costs ($91,600,000) repre- 
sent 10:2°, of the programme costs, while the 
total engineering effort for the programme 
($255,600,000) represents 28-4°, of the pro- 
gramme costs. 

(5) Qualification-testing costs ($86,800,000) represent 
9.6% of the total programme costs, while all 
testing ($237,700,000), including qualification 
costs, represents 26-4°,, of the total costs. 

(6) Total research and development costs 
($49,300,000) represent 5-5°, of the total pro- 
gramme _ costs, while crew-training costs 
($30,000,000) represent 3-3°,, of the total costs. 

(7) Range-modification costs are $55,500,000, or 
61% of the total costs. Tooling costs are 
$39,200,000 or only 43% of the total, while 
spares and support costs ($32,300,000 each) each 
represent 3-6% of the programme costs. 


Analysis of Cost Breakdowns 


The total programme costs and fiscal-year funding 
rates seem to be reasonable. Inasmuch as the present 
U.S. economy is currently supporting space programmes 
at approximate $1,000,000,000, with a yearly funding rate 
of from about $200,000,000 to $300,000,000, it would 
appear to be possible to conduct the programme in 
proper phase with these other programmes and still 
maintain current U.S. national-budget philosophy. 
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Because the total hardware and _ system-testing 
requirements are more than 25% of the total programme 
costs, the cost pattern suggests the desirability of employ- 
ing maximum utilization of components, systems, and 
even vehicle assemblies plus their associated boosters, 
previously developed for other space missions. In this 
instance, a versatile modular concept for the end vehicle 
appears most attractive. Similarly, the proportion of 
research and development costs (5-595 indicates that a 
special effort should be made towards the development 
of items that are versatile enough to be used in alternative 
programmes and missions. Thus, technical “dead-end” 
concepts and limited-growth capabilities must be 
avoided. 

The need for the modular space-vehicle concept is 
further highlighted by the tremendous difference (in the 
ratio of 3 : 1) between non-recurring and recurring costs, 
as indicated in Table I, and this difference is considered 
to be one of the most important aspects of these cost 
studies. In other words, if it is possible to develop in a 
given programme such as that outlined in this paper a 
vehicle which is versatile, i.e., one with manceuvring 
characteristics, efficient lunar growth capabilities, etc., 
such a vehicle can be used in additional space pro- 
grammes, and a non-recurring cost of literally hundreds 
of millions of dollars can be avoided in subsequent 
programmes. This immense saving is, therefore, a major 
practical reason for fostering the concept of modular 
construction of space-vehicle systems. 

The flight-test programme cost of $290,700,000, includ- 
ing the training programme cost of $30,000,000, repre- 
sents a significant proportion (32:2°,) of the overall 
programme costs. One manned entry flight will cost 
$8,300,000, while one manned space-station flight will 
cost $27,000,000. One conclusion which seems evident 


from these data is that rather advanced simulator facili- 
ties for training space crews can be justified, if flight- 
training requirements are thereby reduced or the chances 
of mission success are improved by reducing the 
possibility of human error. 

Because of the importance of cost and funding studies 
on total programme feasibility, it appears that procure- 
ment agencies will increase their emphasis on adequate 
treatment of this subject in the conceptual phases. This 
could even take the form of contracting for such services 
from a company with these specialized talents, indepen- 
dent of the parties conducting technical-feasibility 
studies. It is apparent that many of the best sources for 
costing information lie within the area of jurisdiction of 
procurement agencies, and access to this information is 
quite limited to-day. It is recognized that many prob- 
lems exist relative to the dissemination of this informa- 
tion, even on a careful highly selective basis. However, 
the quality of the end product—the cost study—will be in 
direct proportion to the amount of information supplied 
to the contractor. Consequently, the need for a more 
flexible cost-dissemination policy on the part of procure- 
ment agencies is indicated. 

Fundamental parametric cost data to support the 
pricing of space programmes in the conceptual phase are 
at present almost non-existent. However, this is not 
necessarily a matter of concern but, rather, is indicative 
of the fundamental position in exploring this new 
dimension. Nevertheless, it does highlight the need for 
the dissemination of cost information between industrial 
organizations and between industry and governmental 
agencies. This, in turn, suggests that greater emphasis 
should be placed on this subject in symposia, in con- 
ferences, and in the formulation of the policies of 
procurement agencies. 


A Review of High-Energy Forming Methods 


By W. W. Woop* 


HIGH-ENERGY forming has been receiving considerable 
publicity during the past few years because it is generally 
associated with the forming of high-strength, high- 
temperature materials such as the super-alloys and the 
refractory metals. However, the designation “high- 
energy forming” is a loose one, as it takes only a required 
amount of energy to form a given part, irrespective of 
how the energy is applied, and more realistic names can 
be applied to each of the basic so-called high-energy 
forming methods. 

Thus, explosive forming could more aptly be called 
high-energy-rate or high-kinetic-energy forming, because 
the energy is introduced so rapidly into the part, while 
drop-hammer, trapped-rubber, and _ floating-piston 
methods could also be termed high-kinetic-energy 
forming, owing to the velocities and relatively large 
Masses involved. Similarly, hot-fluid and integrally 
heated die methods could simply be termed high- 
temperature forming, because heat is the principle source 
of energy in these methods. 

The object of this paper is to clarify the different 
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high-energy forming methods and to describe the basic 
mechanism of each. It is true that there is an abundance 
of literature on these forming methods, but much of it is 
confusing and even contradictory with regard to what 
can be accomplished in the forming of certain materials. 
For this reason, an attempt has been made to show the 
limitations and applications of each high-energy method, 
based on fundamental concepts in the plastic deformation 
of metals. 

It should be noted throughout this paper that most 
of the comparisons and limitations given are based on 
qualitative, rather than quantitative, figures, owing to the 
lack of proven and correlated quantitative data. This 
fact indicates the need for a more progressive programme 
to establish these quantitative data, so that a more 
factual report can be made. 


Classification of Different Forming 
Methods 


In the production of current high-energy forming 
methods, the parameters used are mass, velocity, tem- 
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perature, and ultrasonic sound waves. For this reason, 
high-kinetic-energy forming methods have here been 
divided into large-mass methods, high-velocity methods, 
high-temperature methods, and induced sound-wave 
methods. 


Large-Mass Methods 


Of the various large-mass methods of forming used, 
two of the older and more conventional methods are 
drop-hammer forming (Fig. 1) and trapped-rubber 
forming (Fig. 2), in both of which the principle of large 
mass, at the expense of velocity, is utilized. Thus, for 
example, with these methods, if the weight W of the head 
and die is assumed to be 10,000 lb, and the impact 
velocity v is 20 fps, then the kinetic energy K.E. is 
approximately 


KE. \(W /g)v2 4(10,000 /32-2)(20) 


4(310) (400) = 62,000 ft-lb. 

From the above, it can be seen that, although a fairly 
sizeable energy is developed in both methods, the mass 
contribution is roughly the same as the velocity 
contribution. 

Another high-kinetic energy method is the floating- 
piston method (Fig. 3), which makes more use of the 
velocity factor. Thus, for example, if the weight W of the 
moving mass is assumed to be 325 lb and the impact 
velocity v is 100fps, the kineticenergy K .E.isapproximately 

K.E. = 4(10) (10,000) = 50,000 ft-lb. 

Itcan be seen that, with an assumed velocity 5 times 
greater and a mass 30 times smaller than in the case of 
drop-hammer forming, the total energy developed by the 
floating-piston method is roughly of the same order of 
magnitude as that of the lower-velocity large-mass 
methods. However, the velocity factor in the floating- 
piston method contributes about 1000 times as much as 
the mass in the total kinetic energy. 


High-Velocity Methods 


High-velocity methods comprise explosive-gas form- 
ing, explosive-liquid forming, and electrical-discharge 
forming. In explosive-gas forming, the firing of an explo- 
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Fig. 3. Schematic arrangement of the floating-piston method of 
forming. 
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sive charge in air above the part creates a high-velocity 
air blast which drives the part into the die. In explosive. 
liquid forming, the explosive charge is immersed in a 
liquid, e.g., water, as shown in Fig. 4. Electrical 
discharge forming is similar to explosive-liquid forming, 
except that the explosive charge is replaced by a pair of 
electrodes to produce an electrical discharge. , 



































Fig. 4. Principle of the explosive-liquid method of forming. 


In all these high-velocity methods of forming, the 
contribution of mass to total kinetic energy is virtually + 
negligible, compared with the contribution made by | 
velocity. For instance, in the case of explosive-gas 
forming, if the weight of the moving gas is assumed to be 
0-3 Ib and the impact velocity 3000 fps, the kinetic 
energy K.E. is approximately 


K.E. — 4(0-01) (9,000,000) — 45,000 ft-lb. 


Similarly, in the case of explosive-liquid and electrical- 
discharge forming methods, if the weight of the moving | 
liquid front is assumed to be 6 lb and the impact velocity 
700 fps, the kinetic energy K.E. is approximately 


K.E. = 4(0-2) (500,000) = 50,000 ft-lb. 


Thus, the contribution of velocity is of the order of 
900,000,000 times as high as that of mass in explosive-gas 
forming, and 2,500,000 times as high in explosive-liquid 
or electrical-discharge forming. It should, however, be 
noted that the kinetic energy available in explosive- 
forming methods is only a small portion of the total 
energy generated by the explosion. In fact, most 
explosive-forming operations have an efficiency of only 
15 to 20%. 





High-Temperature Methods 


The two basic high-temperature methods of high- 
energy forming are those using integrally heated dies and 
those using hot fluids. In the method using integrally 
heated dies (Fig. 5a), heat is supplied to the two solid- 
metal die halves by cartridge-type or other suitable 
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Fig. 5. High-temperature forming methods, showing 
(a) forming with integrally heated dies, and (b) hot-fluid forming. 


heaters, the dies being completely surrounded by insula- 
tion. Various forms of this system are currently in use, 
such as heated-platen machines. 

In the hot-fluid forming method (Fig. 5b), both heat 
and pressure are supplied by a hot liquid-metal alloy, 
providing considerable advantages over the solid-metal 
method, as will be shown later. 

In order to understand the energy involved in these 
high-temperature methods of forming, it should be noted 
that, for example, stainless steel, with a flow stress of 
100,000 psi at room temperature, has a flow stress of only 
about 5000 psi at 1200° F. As a result, it can be shown 
that, if it requires 15,000 ft-lb of energy to form a 
particular stainless-steel panel, the contribution provided 
by the heat obtained from the solid die or fluid amounts 
to about 14,250 ft-lb. Indeed, heat supplies approxi- 
mately 90 to 95°% of the energy required in forming with 
high-temperature methods, provided, of course, that 
metallurgical considerations do not prohibit forming at 
the temperatures necessary to reduce the flow stress to the 
required level. 


Induced Sound-Wave Methods 


The induced sound-wave method of high-energy 
forming (Fig. 6) is a variant of high-temperature forming 
methods in that a second type of energy is superimposed 
on the mechanical forming energy. 

As an example of the energy produced by this method, 
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Fig. 6. Principle of the induced sound-wave method of forming. 
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if it is assumed that the velocity of the ultrasonic wave in 
steel is 17-5 x 106 fps, and the weight of the moving 
wave front is as little as 10-8 Ib, the kinetic energy K.E. is 
approximately 


K.E. = 4(3 *< 10-19) (3-2 x 1014) = 50,000 ft-lb. 


It can therefore be seen that, even with a very small 
mass, considerable energy can be induced into a part 
being formed. How this energy is utilized in forming 
will be discussed in the next section. 


Theory of Plastic Deformation of Metals 


In considering the theory of plastic deformation of 
metals, the effects of time dependence, temperature 
dependence, and hydrostatic pressure, and the mechanism 
of plastic flow in the high-energy forming methods 
previously described must be taken into account, and 
these factors are discussed separately. 


Time Dependence 


The theory of the effects of speed on the plastic 
deformation of metals has not been treated very 
thoroughly in the literature. In discussing this subject, it 
would seem most appropriate to start with the simple 
impact test, such as the Charpy impact test, in which, 
although the speed of deformation is slow (18 fps), 
compared with some of the explosive methods of forming, 
it is still comparable with the speed of the slower methods, 
such as drop-hammer and trapped-rubber forming. 
Considerable data can be obtained from this type of 
testing and, by proper extrapolation, the theory can be 
applied in a qualitative manner to high-velocity systems. 
It should be remembered that there are considerable 
limitations in applying impact data to high-speed 
forming, because the simple Charpy results are based on 
variables other than metallurgical factors, such as size 
effect and the shape of notches causing brittle failure. 

In studying the impact values of materials, it is found 
that there are two distinct types of metal behaviour 
apparent when impact energy E is plotted as a function 
of temperature 7, as shown in Fig. 7, in which E as a 
function of T is plotted for a low-carbon steel (Fig. 7a) 
and for aluminium (Fig. 7b). The energy to fracture is 
an indication of the notch sensitivity of materials, and it 
can be seen that a material such as a low-carbon steel 
exhibits ductile behaviour at elevated temperatures and 
brittle behaviour at low temperatures when deformed as 
in the Charpy impact test, with a transition region 
between, in which there is a considerable increase in 
ductility over a small range of temperature increase. In 
the case of ductile notch-insensitive aluminium (Fig. 7b), 
there is only a very slight increase in impact energy with 
temperature at the beginning, followed by a slight 
decrease in impact ductility after a certain temperature 
has been reached. 

The transition region in Fig. 7a is completely depen- 
dent on the material concerned, some materials exhibiting 
well-defined transition regions from brittle to ductile 
impact behaviour, while others have a more uniform 
behaviour. In this connection, it may be said that, 
insofar as the impact properties of materials are con- 
cerned, the application of heat is unnecessary in the case 
of semi-austenitic stainless steels, helpful in the case of 
martensitic stainless steels, tool steels, and the super- 
alloys, and essential in the case of beryllium and the 
refractory metals. 

It has been shown that an increase in strain rates in 
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Impact energy as a function of temperature for (a) a 
low-carbon steel, and (b) aluminium. 


Fig. 7. 


tension tests has the inverse effect of that obtained by 
increasing temperature, as indicated by the following 
equation! for velocity-modified temperature 7y;:— 


Tu Ta 


where 7 is the test temperature [K], ©’ is the true strain 
rate (= de/dt), and k and ©’, are constants. 

This equation shows that, as the true strain rate ©’ 
increases, the velocity-modified temperature 7x1 must 
decrease to maintain the relationship, and suggests that 
increasing strain rates beyond 18 fps for Charpy tests will 
greatly lower the impact energy to fracture. This can be 
shown more clearly by studying the effect of strain rate 
on true stress /strain curves, of which there are two basic 
types for various materials, as shown in Figs. 8a and 8b. 

In both cases, true stress increases with strain rate &’; 
however, the total true strain to fracture holds fairly 
constant and then diminishes in the case of the curves in 
Fig. 8a, whereas it first increases slightly and then 
diminishes in the curves in Fig. 8b. In general, the flow 
stress is increased considerably with increasing strain rates, 
whereas true strain to fracture increases very slightly, if at 
all, and then usually diminishes. 

At this point, it is desirable to discuss toughness, which 
is a common mechanical property of materials relating 
more to high-energy forming. Toughness can be 
considered as the area under the true stress /strain curves 
shown in Figs. 8a and 8b, and is a measure of the energy- 
absorption ability of a metal. Fig. 9 shows toughness as 
a function of true strain rate e«’ for the curves in Figs. 
8a and 8b, and demonstrates that, although the true 
Strain to fracture does not increase with increasing 
strain rates, the toughness of metals increases to some 
critical strain rate and then diminishes. This toughness is 
the ability of the metal to deform plastically under 
shock-loading without fracture. 

It can therefore be realized that all high-velocity 
forming methods have decided limitations with regard to 
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Fig. 9. Toughness as a function of true strain rate (a) for the 
curves shown in Fig. 8a, and (b) for the curves shown in Fig. 8b, 


the materials that can be formed. High toughness is 
essential, and the strain rate must be selected in such a 
way as to confer maximum toughness on the material. 


Temperature Dependence 


It has already been shown that an increase in tem- 
perature lowers the flow stress of a material and hence 
the energy required for forming. However, a more 
important benefit than reduced flow stress is derived from 
increased temperature, i.e., a greatly increased true strain 
to fracture, and this increase in strain can be extremely 
large for some materials. For example, tungsten 
increases in conventional strain from less than 1°% at 
room temperature to as much as 55% at 1950° F. 

This greatly increased strain considerably improves 
formability, though it is true that the total amount of 
true strain to fracture is not all usable in forming, owing 
to necking. Nevertheless, true strain beyond that causing 
necking of an ordinary tensile specimen can be utilized, 
because most forming operations do not exhibit the un- 
stable condition favouring necking on a tensile specimen. 

In addition, an increase in temperature also increases 
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toughness, curves of toughness as a function of tempera- 
ture being similar to those shown in Fig. 9 for toughness 
asa function of true strain rate. Although this increase 
in toughness with increasing temperature does not 
' benefit slow forming methods such as hot-fluid forming, 
it benefits high-velocity forming methods considerably. 
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Fig. 10. True stress strain curves, showing the spring-back a 

after creep-forming at an elevated temperature T,, and the 

spring-back b after forming at the normal service operating 
temperature T,. 


Still another benefit derived from increased tempera- 
ture is creep, i.e., the plastic deformation resulting in 
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metals at stresses lower than slip?. An increase in 
temperature greatly accelerates creep, which is primarily 
a high-temperature phenomenon. Practical elevated- 
temperature creep-forming is generally accomplished in a 
period of less than 10 min and at a temperature which is 
approximately 500° F higher than the service operating 
temperature for the metal concerned. 

The results of creep-forming are the elimination of such 
problems as buckling and distortions in the forming of 
thin-gauge sheet metal, and also the virtually complete 
elimination of spring-back, as shown in Fig. 10, in which 
ais the spring-back after creep-forming at an elevated 
temperature 7>. and b the spring-back after forming 
without the aid of heat at the normal service operating 
temperature 7). 


Hydrostatic Pressure 


In discussing high-energy forming methods, an 
important theory is that connected with the effects of 
hydrostatic pressure on the ductility of metals. Thus, 
Bridgman’ has shown that a high transverse hydrostatic 
pressure acting on a tensile specimen during pulling will 
exhibit a considerable increase in total true strain to 
fracture. In tests carried out on four tensile specimens, 
with applied transverse hydrostatic pressures ranging 
from 15 to 570,000 psi, the resulting true stress /strain 
curves showed that the flow stress does not change 
appreciably, but that the true strain to fracture increases 
with hydrostatic pressure. Also, the mode of fracture 
changes from a combination of ductile and brittle failure 
with a hydrostatic pressure below 170,000 psi to a totally 
ductile failure above this pressure. In these tests, it is of 
significance to note that the applied true tensile stress to 
cause flow was reduced from a value of approximately 
300,000 psi with no hydrostatic pressure to slightly over 
100,000 psi with a hydrostatic pressure of 570,000 psi. 
This type of increased ductility is very similar to the 
forward and back tension that increases fabricability 
when rolling sheet materials. 

Many recent investigators working on high-velocity 
methods of forming have attempted to correlate hydro- 
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static pressure with formability, with very little success in 
obtaining any appreciable increase in actual elongation‘. 
Some of the reasons for this lack of correlation can be 
determined from an analysis of Fig. 11. 

When the part is being formed with a vacuum on the 
opposite side (Fig. lla), the only resisting forces to the 
applied pressure are the resulting flow stress or of the 
material and the inertia force ma of the moving mass m, 
where a is its acceleration. The inertia force ma is 
practically zero, so that there is virtually a zero net 
pressure acting hydrostatically in the transverse direction 
during flowing. The resulting Mohr’s circle of true 
tensile stress o and the resulting shear stress t (Fig. 11b) 
shows that the explosive pressure p acts only to extend 
the part longitudinally, forming being accomplished by 
the resulting stress oz. The maximum shear stress tmax, 
i.e., the radius of the circle, does not increase from the 
transverse pressure during forming. 
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Effect of hydrostatic pressure when forming a part 
with a vacuum on thefjopposite side. 








Fig. 11. 


After the part contacts the die, however, the hydro- 


Static pressure acts in a beneficial manner, though it does 
not benefit forming in the case of large-mass methods, 
even after the part has touched the die, because the 
pressure is so small. However, when the pressure exceeds 
the compressive flow stress of the material, as it often 
does in high-velocity methods of forming, the shear 
stress t greatly increases, permitting a considerable 
increase in plastic flow. It is true that this high pressure 
is also lacking in high-temperature methods of forming, 
but the creep resulting from the heat allows the metal to 
flow to a considerable extent. 


The net result in the case of both high-velocity and 
high-temperature methods of forming is an almost 


complete removal of the longitudinal stress or by 


increased longitudinal flow, which acts to remove 
residual stresses tending to be set up and, in turn, 
minimizing spring-back and distortion. Spring-back 


and distortion can be removed in high-velocity forming 


operations only by means of a very high hydrostatic 
pressure acting transversely. Generally, this pressure 
must exceed the compressive flow stress by a considerable 
amount, because the high speed of forming tends to 
retard plastic flow inside the part away from the surface. 


To be concluded 
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A New High-Voltage Surge Recorder 


By J.G. ANDERSON and R. U. GIACOMONI 


From Power Apparatus and Systems (A.1.E.E.), U.S.A. 
No. 46, February 1960, 


pp. 1800-1808, 11 illustrations. 


THERE are many occasions during investigations of 
high-voltage or high-current phenomena when it is 
desirable to make wave-shape and amplitude records of 
rapid surges whose times of occurrence cannot be 
predicted in advance. Typical examples include lightning 
surges to transmission lines and surges developed during 
switching operations or faults on power systems. 

While it is recognized that oscillographs provide the 
most accurate way of recording high-voltage transient 
wave-shapes, a need also exists for a simpler and cheaper 
passive device requiring no power for its operation. 
The earliest such devices for surge measurements were 
the klydonograph, which was essentially a simple Lichten- 
berg-figure discharge recorder using photographic film, 
and the magnetic link. The klydonograph, when relying 
on only one Lichtenberg figure, had an accuracy of about 
25°% and could only give a very crude indication of 
voltage wave-shape. The magnetic link gave no wave- 
shape indication at all, recording only the maximum 
magnetic field occurring in the vicinity of the link. A 
great amount of data has been obtained from these two 
instruments or modifications of them, and they have 
produced most of the present information on the 
magnitudes of lightning surges on transmission systems. 
However, in recent years, the occurrence of very high 
lightning flash-over rates on transmission lines has 
emphasised the need for better instrumentation for the 
determination of stroke-current wave-shape. 
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After an intensive investigation, a new instrument 
designated the “teinograph’, has been developed, in 
which an incoming high-voltage surge is stretched out in 
space or time and is “‘written down” as a sequence of 
Lichtenberg-figure discharges. The envelope of these 
discharges describes the wave-shape of the surge and, 
depending on the kind of dielectric material on which 
the discharges are created, the records can be made 
either permanent or temporary. Laboratory tests on 
this instrument show that it has considerable promise, 


and field tests are now in progress to gain further 
experience. 
Several circuit variations of the teinograph are 


possible, these variations falling into one of two distinct 
classes, i.e. space-sequential and time-sequential. The 
time-sequential type is somewhat simpler in operation, 
making a sequence of Lichtenberg-figure records of the 
voltage magnitude of a surge at successive intervals of 
time. Its mode of operation is shown in Fig. 1, in which 
a changing voltage (Fig. la) is impressed between the 
conductor AA’ and earth B. Connected to AA’ isa 
group of point-to-plane electrodes with a dielectric 
inserted between each point P and the plane, and with the 
point tied to AA’ through resistors R. As long as the 
switches S are open, no voltage can appear across the 
electrode assemblies. If, however, ata time f;, switch S, 
is closed, a voltage equal to the sum of the constant volt- 
age Vy (of opposite polarity to V), and the changing 
voltage V at that instant is produced between point 
P, and its plate. Lichtenberg discharges will spread 
across the dielectric at P; ,and the diameter of the 
discharge pattern will be proportional to the sum of the 
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two voltages at that instant. If switch S, is then opened 
immediately, the pattern diameter cannot change, and, 
knowing the magnitude of the “trigger voltage’? Vo, the 
value of V at time 7¢; can be readily determined from 
pattern measurements. In some cases Vy can be made 
zero but, since Lichtenberg figures generally must have a 
voltage of at least 2 kV in order to form, a “bias” voltage 
of this value is helpful, provided that the polarity of the 
surge to be measured is known in advance. If switches 
5», 53, etc. are then closed momentarily at times fp, 3, 
etc. respectively, records of the voltage V at these 
discrete times can also be recorded. In this manner, a 
record of the wave-shape of V can be obtained as a 
sequence of Lichtenberg figures. 

For the time-sequential teinograph, the operation of 
switches S can be either mechanical or electrical, depend- 
ing on the speed desired. Slowly changing voltages 
having periods of several thousand microseconds (such 
as some switching surges) may only require mechanical 
switching. However, mechanical operation of the 
switches in Fig. la is not practical when microsecond 
surges are to be measured, and other means must be used. 
One such approach is shown in Fig. 1b, in which the 
incoming surge is delayed by about | microsecond 
before being applied to the conductor AA’. The voltage 
wave is also fed to a pulse generator (a step-up pulse 
transformer and spark-gap arrangement) whose output 
is a high-voltage surge having a polarity opposite to 
that of the surge to be measured and a duration of a 
fraction of a microsecond. This generated pulse Vo 
travels down a trigger delay line towards the line termina- 
tion Zp, and at successive intervals of time is applied to 
points P;, P2,... Pn through capacitors C. Prior to and 
immediately following the appearance of this pulse at 
any electrode P, the voltage between P and its plate 
attached to AA’ will be too low for Lichtenberg figures 
to form, provided that the ratio of R and Zp is properly 
set. Thus, Lichtenberg figures will form only at the 
instant that the generated pulse Vo arrives at the point 
electrode to pull this electrode down in potential, and the 
figure diameter will be proportional to the sum of the 
voltage Vy (of opposite polarity to V) and the signal 
voltage V at that time. This is exactly the same result as 
in the case of Fig. la, where mechanical switching was 
employed, but at a much higher speed. 

In practice, the circuit of the time-sequential teino- 
graph in Fig. Ib is difficult to construct. The trigger 
delay line must often be several microseconds in length 
and must carry high-frequency pulses of several kilovolts 
and of a duration of only a fraction of a microsecond. 
Since this measuring technique is essentially a voltage- 
sampling scheme, the duration of the trigger pulse must 
be less than that required for any appreciable changes in 
the sampled voltage to occur. Also, the trigger voltage 
Vy) must be generated as soon as possible after arrival of 
the surge to be measured, and the signal V must be 
delayed by a pulse-delay circuit until this triggering can 
occur. 

Because of the extreme requirements of the trigger 
delay line characteristics, the space-sequential teinograph 
has been developed. The space-sequential teinograph 
differs from the time-sequential type in that it spatially 
distributes a wave to be measured along a delay line and 
then, at some suitable time, samples the voltage to earth 
at every point along the line simultaneously. The basic 
Principle is shown in Fig. 2a, in which the incoming 
Voltage V is applied to a main delay line, terminated in its 
characteristic impedance Zp. After a suitable interval of 
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time, V will have travelled along the line to the position 
shown in Fig. 2a. Connected to this line are the same 
Lichtenberg-figure recorders as in Fig. la, and the same 
switches. No discharge records will be obtained as long 
as switches S;, S2, etc. are open. If, when the wave has 
reached the position shown, all the switches are closed 
simultaneously for a fraction of a microsecond and then 
reopened, the Lichtenberg discharge pattern formed 
around P, will be proportional to V; + Vo, that at P> will 
be proportional to V2+-Vo, etc. If enough recorders are 
used, a complete record of the wave-shape at the instant 
the switches are closed will be obtained. 

As, in Fig. la, mechanical switching cannot be used 
for fast surges, a circuit for this purpose, using exactly 
the same parts as in Fig. 1b, is shown in Fig. 2b. It will 
be seen that the trigger delay line in Fig. 1b becomes 
the main delay line in Fig. 2b, and the pulse delay, instead 
of delaying the signal to be measured, now delays initia- 
tion of the trigger pulse until the voltage V to be measured 
has penetrated to a point almost at the end of the main 
delay line, when pulse Vo is formed. This pulse initiates 
the same type of Lichtenberg figures described for the 
configuration in Fig. 2a, and the wave-shape is recorded. 
This circuit has the advantage that the main delay line 
need have a frequency response which is only sufficient 
to pass the surge to be measured, whereas, in the case 
of the circuit in Fig. 1b, a delay line is required with the 
same electrical length but with an upper frequency 
response which is almost ten times higher, in order to 
pass the very rapid trigger pulse. 

In some models of the space-sequential teinograph, 
certain compromises have been made to reduce cost and 
to facilitate construction. These compromises have 
taken the form of not dividing the plates of the Lichten- 
berg-figure recorders into separate parts and of having 
the equivalent of only one resistor R and capacitor C. 
The resulting circuit is shown in Fig. 3 for a 5-micro- 
second device used to measure the wave-shape of the 
fronts of lightning-current surges. All the Lichtenberg- 
recorder plates have now been tied together to become 
one plate, and the multiplicity of capacitors C has 
become one capacitor C3. Similarly, all the resistors R 
have become one resistor R;, and this resistor is connected 
to the input end of the delay line instead of to each point 
electrode. The wave penetrates along the main delay 
line as before and, as it propagates, it develops some 
voltage between each of the points P and the metal 
trigger plate, since the latter is held at a potential part 
of the way between line and earth, by resistors R; and 
R>. Some discharge figures may appear around the 
points P before and after triggering, but, for lightning 
wave-fronts, analysis has shown that, provided that R2 is 
considerably larger than R,, these discharges are either 
small or of opposite polarity from those appearing 
during the triggering process. As a result, they do not 
usually interfere with the record. 

The same incoming surge to be measured also passes 
through the trigger delay line and, after a time interval, 
arrives at the pulse transformer 7. As soon as the wave 
arrives, it is inverted in polarity and is greatly amplified 
by the transformer-turns ratio. Capacitor C4 then charges 
up rapidly, and, at about the time that the surge to be 
measured has almost reached the line termination Zo, 
the voltage across C4 reaches a value sufficient to spark 
over the gap G. Capacitor C4 then discharges into the 
low resistance R3. The voltage across R3 immediately 
reaches a value Vy of about 15 kV and of opposite 
polarity to the measured wave, but, because of the short 
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C4R, time-constant, falls off rapidly in a fraction of a 
microsecond to a low value, this being the triggering pulse 
previously described. This pulse pulls the triggering 
plate down in potential through C3, and the discharge 
around each point P at this instant becomes proportional 
to the sum of the trigger voltage Vp and the potential 
on the main delay line at that point. 


In practice, the housing of the space-sequential 
teinograph is normally covered with aluminium foil for 
shielding purposes. As the device is essentially a single- 
surge recorder, it has in its input end a special gap 
mechanism which, when the first surge appears, explodes 
a small explosive gap that short-circuits the recorder 
input after about | millisecond, preventing subsequent 
surges from obliterating the record made by the first 
surge. The same gap mechanism is also arranged in 
such a way that, once the door of the teinograph hous- 
ing is opened, it cannot be closed unless an unexploded 
gap is in place, thus reminding the operator to insert 
such a gap in the circuit before a measurement is made 
Small phosphor-bronze fingers are connected to each coil 
and serve as the points P in Fig. 3. The pulse transformer 
and trigger circuit are located behind the main delay line. 
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Modified circuit weed in practice in a 5-microsecond 
spac q graph. 





Recording can be effected in two ways, i.e., by a 
“powder” method or photographically. In the powder 
method, a thin Lucite plate is inserted between the metal 
trigger plate and the points P, the discharges from the 
points spreading out over the surface and depositing a 
pattern of surface charge at each streamer location. If 
the plate and the air inside the teinograph are kept dry 
by means of a tightly sealed housing and a desiccant, this 
charge pattern can be retained for as long as a week or 
more, and can be “developed” by a light dusting with 
fine talc. This method has the advantage that it is 
insensitive to light and needs no chemical processing. 

A series of tests comparing the recording capabilities 
of the Lucite plate with photographic film so far indicate 


that the recording sensitivity of the film is more constant, 
To take advantage of this consistency and to permit 
records to be made which will not fade away, a photo. 
graphic-film packet has been devised for inserting into 
the same location as the Lucite plate. Electrodes, 
embedded in the packet and touching the film inside jt. 
make contact with the phosphor-bronze fingers during 
insertion into the teinograph. This packet can be 
inserted in the teinograph during daylight hours and 
retains its record for a year or more. 

Any teinograph using a Lichtenberg-figure recording 
method must have an input of at least 5 kV to form 
reasonably sized figures. To construct lightning shunts 
with this magnitude of output voltage and to take the 
full energy of a long-duration lightning stroke would be 
prohibitively expensive if a large number of recorders is 
to be used. Consequently, some transducer other thana 
shunt is necessary in such applications as measuring 
lightning surge currents on transmission-line tower tops, 
and this problem has been solved by the development of 
a current pick-up coil connected to the input end of the 
teinograph. As the stroke current travels down the 
tower lightning-rod, it creates a magnetic field which is 
proportional to the current. This magnetic field links 
the pick-up coil and, if the output load R, across the coil 
were high, would produce an output voltage proportional 
to the time derivative of the current. However, if the 
value of R; is kept low and if sufficient turns are used on 
the coil, the coil inductance and resistance R, form an 
integrating circuit, so that the output voltage is pro- 
portional to the current amplitude, instead of the current 
derivative. Tests have shown that a single-layer wound 
coil, 8 in. long by 34 in. wide, can be built with an output 
of 20 kV for a rod surge current of 100 kA, if it is loaded 
down with a terminating resistance R,; of 135 ohms. 
Thus, the coil and termination act as a 0-2-ohm shunt 
and have a transient response completely satisfactory 
for waves cresting in | microsecond or more. For waves 
with front times of 0-6 microsecond, some distortion of 
the front of the output voltage is noted. 

Limited experience indicates that, for lots of twenty 
or more teinographs, manufacturing costs will be from 
10% to 50% that of equivalent oscillographs, depending 
on the desired elaborateness of the device, the writing 
time, and the particular application. Laboratory models 
weigh about 22 Ib and measure 184 * 10 = 64 in., but 
these figures are by no means the minimum possible. 

Further laboratory tests are being made on improved 
teinograph designs. Thus, twenty recorders, complete 
with current pick-up coils, have been constructed and 
have been installed on approximately 5 miles of 345-kV 
transmission line, one recorder on each tower. From the 
experience gained on these first models, it is hoped that 
the instrumentation can be advanced to the point where a 
wealth of needed information on surge magnitudes and 
wave-shapes can be obtained in the near future. 
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Covering a total area of about 350,000 sq ft, of which nearly 300,000 sq ft represent the stand space 
occupied by about 300 stand-holders, the International Machine Tool Exhibition will be held at Olympia, 
London, between June 25 and July 8. Of the total number of exhibitors, about 110 will display British- 
built metal-cutting or metal-forming machine tools, foreign machines being shown on the stands of 45 
importing members of The Machine Tool Trades Association, who are the organizers of the exhibilion. 
Of the total of roughly 1400 machine tools to be exhibited, approximately 60°% are of British manufac- 


ture, as compared with about 65-5°% for the previous exhibition held in 1956. 


In addition to machine 


tools, the exhibits of allied trades, including heat-treatment furnaces, welding equipment, small tools, 
jigs, gauges, etc., will also be well represented by 95 exhibitors of such equipment. 


Catmur Machine Tool Corporation Limited 

An extremely wide range of exhibits is to be presented 
by the Catmur Machine Tool Corporation, of London, 
W.11, including Barnaby standard bandsaws, Upam 
inclinable vertical metal-cutting bandsaws, Clark auto- 
matic press feeds, and Hommel centreless cylindrical 
lapping machines and optical grinding machines. Other 
exhibits will include examples of Moore jig grinding 
machines, Eichler vertical milling machines, Rosenfors 
universal milling machines, Bridgeport turret milling 
machines, Van Norman universal milling machines, 
and Korradi universal milling machines, together with a 
very wide range of Steinel equipment, including tapping 
machines, drilling machines, riveting machines, and 
vertical and horizontal milling machines. 





Fig. 1 


A particularly interesting exhibit will be the Vero 
“Auto-Drill”, which is constructed by Vero Precision 
Engineering Ltd., of Southampton, and marketed 
exclusively by Catmur. This machine (Fig. 1) is the 
world’s first programmed turret-head drilling machine 
with purely electical control, and is also the first machine 
JUNE, 
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of its kind which is capable of drilling and tapping a 
pattern of up to 600 holes in six different sizes in any order 
without human intervention, this being achieved by 
controlling both the work position and the six-spindle 
turret head entirely automatically from a punched tape. 
The wide range of drill sizes and spindle speeds provided, 
combined with the versatile control system used, enables 
this machine to be employed usefully in almost any 
light-engineering machine shop. Thus, on automatic 
control, its economic applications include the drilling of 
castings, plates, cabinets, printed circuits, etc., in any 
quantity from about twelve upwards. When manually 
controlled, it can speed up the production of components 
produced in smaller quantities and the manufacture of 
templates. 

The drilling machine is fitted with a 32 x 9 in. 
co-ordinate table having a longitudinal traverse of 24 in. 
and a cross traverse of 12 in. The positioning speed is 60 
ipm, and an overall drilling accuracy of +0-003 in. is 
guaranteed. The turret head is fitted with six chucks for 
accommodating drills of up to #; in. in diameter, and 
spindle speeds from 300 to 6000 rpm are provided. The 
maximum distance from the spindle to the table is 20 in. 

The control system, which is manufactured by Airmec 
Limited, of High Wycombe, operates by measuring very 
accurately the total angular rotation of the leadscrews, a 
function performed by a positioner unit consisting of a 
series of commutator-type switches. Manual operation, 
if required, is performed from a control panel, and 
automatic drilling is controlled by a plastic tape carrying 
information for complete drilling or tapping operations. 

The outstanding feature of the control system is that 
it is purely electro-mechanical (rather than electronic) 
in nature, no valves being employed and operation being 
achieved by 24-V d.c. switching circuits, so that main- 
tenance and servicing can be effected by normal works 
electrical staff. Another particular feature of the 
system is that the positioner unit measures absolute 
angle and not change of angle, as in many impulse 
systems. Consequently, after any interruption or mains 
failure, the table automatically positions correctly, and 
no re-zeroing is necessary. 


The Newall Engineering Co., Ltd. 

A comprehensive cross-section of exhibits from the 
Newall organization, of Peterborough, will include 
representative examples from their range of jig boring 
machines, Newall-Keighley grinding machines, and 
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Fig. 2 


optical inspection and pneumatic gauging equipment. 

In addition to the “Spacematic’’ Model 2657, which 
has been designed specifically for automatic control and 
which incorporates the B.T.H. measuring and control 
system, exhibits of jig boring machines will include the 
Model-2443 machine and the Model-1520 CC jig boring 
and milling machine with A.E.I. ‘“Helixyn” control, 
which affords continuous numerical control of three 
movements. This machine is being demonstrated to 
show the many advantages and production facilities 
provided by this type of automatic control, which is 
manufactured by the Electronic Apparatus Division of 
Associated Electrical Industries Limited. 

Still another exhibit in this category is the “Space- 
matic” Model-1520 jig boring and milling machine 
(Fig. 2), which is an auto-positioning model of the 
standard Model-1520 jig boring machine, with the same 
capacity and general characteristics. However, in 
addition to either the Newall roller or optical system, 
enabling table settings to 0-00005 in. to be made, the 
machine is also requipped with the Airmec automatic 
measuring and control system, which gives greatly 
improved production times when an overall accuracy of 
0:0005 in. is adequate. Thus, the machine has the dual 
role of catering for the highest-accuracy jigs and com- 
ponents by using the manual setting system, and for 
increased productivity in the more numerous cases where 
somewhat lower accuracy can be tolerated. The robust 
and extremely reliable control equipment is contained in 
a cubicle requiring little floor space, co-ordinates being 
selected by manual setting dials or by punched tape. 
Useful supplementary features of the machine are the 
addition of a rapid power traverse to the cross-slide and 
table milling feeds of 0-6, 2:4, and15 inches per minute. 

The comprehensive range of Newall-Keighley grinding 
machines on show will cover conventional, special- 
Purpose, and automatic units, including the Model 
P.N.L. auto-cycle plunge-grinding machine, which is a 
completely new development designed for plunge- 
grinding regular and irregular profiles of concave or 
convex form to extremely close tolerances at fast produc- 
tion rates. An automatic diamond dresser, controlled 
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from the operator position, provides for a j-in. maxi- 
mum depth of form. Radial movement of the worktable, 

which is supported on fulcrum rollers, provides controlled 

grinding in-feed and rapid withdrawal of the workpiece 

from the grinding wheel. The work cycle is operated 

by a single lever after initial setting up, and the tailstock 

automatically moves into position to locate the com- 

ponent in the holding fixture under a predetermined 

hydraulic pressure. 

Other exhibits in this section include a range of 
cylindrical grinding machines, angle-head grinding 
machines, internal grinding machines, universal grinding 
machines, lapping machines, and fine-boring machines, 
as well as the Model B.G. bearing grinder, the Model 
ANL automatic tap-grinding machine, and the Model 
MAC multi-wheel grinding machine. The Model B.G. 
bearing grinder is a newcomer to the range of Newall 
high-precision grinding machines and has been developed 
for production-grinding the radiused tracks of ball- 
bearing inner races and similar components to a high 
order of accuracy. 

The Model ANL automatic tap-grinding machine is a 
totally enclosed, fully automatic, high-speed quantity- 
production machine designed for grinding taps up to 
4 in. in diameter or other threaded components of similar 
size, the capacity of the machine being 12 in. between 
centres. After initial setting up, the machine is controlled 
by a single push-button, the sequential control being 
electrical, while electro-pneumatic operation with 
solenoid valves is fitted to the tailstock spindle and work- 
feed magazine. Other notable machine features include 
a built-in temperature control for the spindle-lubrication 
system to ensure accurate sizing of the grinding wheel, 
an automatic pantograph diamond dresser or wheel 
crusher, and an automatic sizing gauge which functions 
at previously established intervals and at the end of 
every wheel forming cycle. The work-feed mechanism 
consists of an electrically and pneumatically operated 
feed unit and drum-type magazine, into which up to 36 

tap blanks can be spring-loaded. The magazine is 
designed to ensure that, when taps are fed into the 
machine, correct relationship is established between the 





Fig. 3 


flute and wheel for relief-grinding. The indexing 
mechanism of the feeder unit is automatically interlocked 
with the machine grinding cycle. The machine motions, 
which are fully automatic, provide a cycle of feeding a 
tap into the work drive; locating, grinding and ejecting 
it; and gauging and dressing. The cycle repeats until the 
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magazine 1s Cmpty, when the machine stops and both 
visible and audible signals are given to indicate that 
reloading is necessary. 

The Model MAC multi-wheel grinding machine 
(Fig. 3), another newcomer to the Newall manufacturing 
programme, has a 12-in. maximum swing and 40-in. 
capacity between centres and is designed to grind in 
one operation components having a number of diameters, 
such as crankshaft and camshaft journals. The wheel- 
spindle, which will accept 36-in. diameter grinding wheels 
over a Maximum span of 324 in., is supported at each end 
in cartridge-type bearings and is driven by a 30-hp 
wheelhead-mounted motor. Truing of the grinding 
wheels is effected by a hydraulically operated dresser 
mounted on the wheelhead, each wheel being dressed by 
a separate diamond, controlled from the front of the 
machine. The wheelhead is equipped with a rapid- 
approach and withdrawal movement which can_ be 
varied to suit the type of workpiece, and is provided with 
three feed rates for roughing, finishing, and, for use where 
necessary, an ultra-fine ratchet or intermittent feed. The 
heavy-duty, dead-centre workhead is driven through 
Vee-belts by a 2-hp motor. 


ay 








Fig. 4 


Exhibits of optical inspection and pneumatic gauging 
equipment, made by Optical Measuring Tools Ltd., of 
Maidenhead, one of the Newall group of companies, will 
' include optical rotary tables, automatic indexing rotary 
_ tables, optical comparators, optical dividing heads, 
toolmakers’ microscopes, projectors, and air-gauging and 
automatic machine-control equipment. A _ particularly 
interesting exhibit in this category is an entirely new 
roundness measuring machine which provides facilities 
for measuring roundness to an extremely high order of 
Precision. This machine (Fig. 4) comprises a bearing 
in which a spindle carrying a gauging pick-up is rotated 
atl rpm. The pneumatic-type pick-up bears a spring- 
loaded controlling stylus to contact the periphery of the 
work and, as the spindle is rotated, the stylus moves 
around the periphery and produces a signal in the 
pick-up head. This signal is amplified and fed to a 
circular chart recorder producing an accurate record of 
roundness. To obtain a high degree of concentricity and 
low frictional torque, an air bearing, requiring a working 
Pressure of 60 psi, is used. Concentricity with this 
bearing is maintained to within 0-000005 in. The 
magnification obtained with the instrument is 1000 or 
5000, change-over being effected by rotating a small 
knob on top of the bearing unit. At a magnification of 
5000, a radial space of 0-05 in. on the recorder chart 
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represents 0-00001 in. The measuring range of the unit 
for internal diameters is from 4 to 6 in., and for external 
diameters from #; to 6 in. 


The Gear Grinding Co. Ltd. 

A wide range of ‘Orcutt’? machines, many of them 
new, will be shown by The Gear Grinding Co. Ltd., of 
Solihull, Warwickshire, including an internal helical 
gear grinding machine, a 48-in. gear grinding machine, 
individual base-circle involute measuring machines, a 
lead-measuring machine, and an automatic dividing 
engine, suitable for fitting to jig borers or drilling 
machines, in which automatic indexing of any combina- 
tion of divisions is effected from paper-tape control from 
a console unit. 

Other exhibits will include ‘Orcutt’ hydraulic 
spline-shaft grinding machines, fitted with new hydraulic 
equipment, and the “‘Orcutt’’ automatic spur-tooth gear 
grinding machine. Of the spline-shaft grinding machines, 
both models, i.e., the 20-in. and the 36-in., now incorpo- 
rate Vickers hydraulic equipment. The index head also 
incorporates two new additions, these being the Vickers 
hydraulic motor for increased power, and a new improved 
rolling device, which centralizes the component tooth 
space to the grinding wheel. The Vickers equipment 
includes an external pump unit, together with all reversing 
control-valves, speed control-valves, and hydraulic 
cylinder. An “Orcutt” hydraulic spline-shaft grinding 
machine is illustrated in Fig. 5. 

The latest model, ie., the G.A.7, of the “Orcutt” 
automatic spur-tooth gear grinding machine (Fig. 6) 
incorporates the latest form of single-diamond root 
trimmer, the diamond arm, into which a single diamond 
is mounted, being free to rotate in bearings in its housing 
in a horizontal carriage. This carriage is traversed by 
friction-free slides by a hydraulic cylinder, its engagement 
being provided through rack teeth in the piston rod and 
a gear on the diamond arm. It will therefore be 
appreciated that, if the movement of the slide is restricted, 
the diamond arm will rotate. In practice, micrometer 
stops are provided to control both the horizontal move- 
ment of the carriage and the arc of rotation of the diamond 
arm at both ends of the stroke. In addition, electrical 
limit-switches reverse or stop the system. In this way, 
it is possible to control extremely accurately the complete 
generation of root form and its blend into the involute 
form on the grinding wheel. In addition to complete 





Fig. 5 
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Fig. 6 

control of root trimming and ease of setting both 
dimension and bend into involute form, advantages of 
‘the G.A.7 model with the new root trimmer include 
completely symmetrical form, better surface finish 
through improved speed control, simple micrometer 
adjustment for diamond wear, and entirely automatic 
operation. 








David Brown Industries Limited 
The David Brown Machine Tool Division of David 
Brown Industries Limited, Manchester, will feature as 
principal exhibits a number of gear-producing and gear- 
} finishing machines, with a production capacity ranging 
from small gears to gears of 140-in. diameter. Part of the 
display will be devoted to illustrating the latest develop- 
ments in the production of ultra-precision large-diameter 
gears, while another part will demonstrate recent 
advances in achieving high production rates for smaller 
| gears, with particular reference to the automobile 
industry. In this connection, a No. 10 ‘Hydrax” 
‘ production gear-hobbing machine, incorporating a 
number of recent developments, will be exhibited, in 
conjunction with the latest David Brown S.12.H produc- 
tion gear-shaving machine. Both these machines will be 
equipped with the latest David Brown ‘*Multimatic”™ 
loading equipment, and will be used to demonstrate the 
production of automobile gears, which will first be hobbed 
and then shaved. Some of the latest David Brown 
; Sar-measuring equipment, as well as a selection of 
gear-cutting tools, including hobs and shaving cutters, 
will also be shown. 

Two new David Brown machines, both of which 
Incorporate a number of new and advanced developments 
and which will be exhibited for the first time, are the 
PH.30 ultra-precision gear-hobbing machine and the 
MH.140 ultra-precision turbine-gear-hobbing machine. 
The PH.30 machine (Fig. 7), which is capable of produc- 
| Ing gears up to 30 in. in diameter, incorporates the 
| N.E.L. diffraction-grating system for checking and 
controlling the transmission accuracy of the table drive. 
In this accuracy-control system, which is fully automatic, 
acircular diffraction grating with 21,600 radial lines is 
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mounted inside the table, and another grating with 
180 lines is mounted on the worm-drive shaft. The ratio 
of the number of lines is the same as the gear ratio 
between these two parts, so that the lines pass given 
stationary points near each grating at the same 
frequency. 

Errors in the transmission of the table drive will 
cause the lines on one grating to advance or retard, 
compared with the lines on the other. By means of a 
light-source on one side of each grating and a reference 
grating and photo-electric cell on the other, sinusoidal 
electric signals are derived from each unit when the 
machine is running. By comparing the phase of these 
signals, the errors of the table transmission are measured. 
The error signal is then amplified and utilized in a 
feedback to impose fine correction to the transmission 
through a servo-correcting mechanism. Consequently, 
the accuracy is built into the machine and will never vary 
as a result of mechanical wear. The measuring system 
has an accuracy of +1 sec of arc, corresponding to 
0-00015 in. on a 30-in. diameter gear. 

The MH.140_ ultra-precision turbine-gear-hobbing 
machine (Fig. 8) has a maximum capacity of 140-in. 
gear diameter, and is equipped with the “Emisyn” 
control system, which is designed to provide a continuous 
check on indexing accuracy and also to compensate for 
cumulative errors. The basic measuring elements of this 
system are a resolver, which is a signal generator driven 
by the worm-drive shaft coming from the main gearbox, 
and an Inductosyn. As described in our Survey of 
numerically controlled machine tools, the Inductosyn 
essentially consists of a stator and a rotor, each being a 
glass disc with a silver pattern on one face. The pattern 
on the rotor forms a continuous printed-circuit type of 
coil with 360 radial lines, the two ends of which are 
connected to the control console through a slip-ring and 
brush unit. The pattern on the stator has 16 sections, 
each comprising a printed-circuit type of coil of 16 
radial lines. 

The resolver produces an electrical signal representing 
the rotation of the worm-drive shaft. This rotation is 
also transmitted to the table in the form of rotation ora 
“mechanical” signal, but includes errors introduced by 
the gears and the master worm and wormwheel. Con- 
sequently, when the electrical and mechanical signals are 
compared at the Inductosyn, the difference represents the 
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Fig. 8 


errors in the master wheel and other gears in this drive. 
The obtaining of a continuous electrical signal of the 
divide-errors of the table drive as the machine is rotating 
is an important advancement in the design of gear- 
hobbing machines. In the David Brown machine, this 
development is taken a stage further, i.e., to the point of 
amplifying the error signal and utilizing it to impose fine 
corrections continuously through a servo-motor and 
correcting mechanism. As a result, the accuracy of the 
machine is no longer dependent on the accuracy of the 
master wormwheel, but is now derived from the Inducto- 
syn, the maximum cumulative error of which is better 
than +2 sec of are. 


W. E. Sykes Ltd. 

Of the comprehensive range of gear-hobbing, gear- 
shaving, and gear-generating machines exhibited by 
W. E. Sykes Ltd., of Staines, Middlesex, at least three 
Merit special mention, these being the Model-HV14A 
universal hobbing machine, which is a redesigned and 
improved model not previously exhibited, the Model- 
VS4A fine-pitch gear-shaving machine with automatic 
cycle and hopper feed, also exhibited for the first time in 
Great Britain, and the Model-VIOB vertical gear- 
generating machine, which is a completely new design 
with a number of novel features. 

The ease with which the Model-HV14A_ universal 
hobbing machine (Fig. 9) can be set up, combined with 
the simplicity of its controls, makes it ideal for one-off or 
long production runs. Developed from the Model-HV14 
machine, this new model embodies a number of sub- 
stantial improvements, including a 3-hp main motor, 
flat and generously proportioned slideways, and a 100% 
increase in rapid-traverse speed. Either conventional or 
climb-hobbing techniques can be used, and the robust 
proportions of the structural castings ensure that 
maximum feeds and speeds can be used with absolute 
tigidity. A tangential-feed head, available as an acces- 
sory, can be used for hobbing wormwheels by axial feed 
or for producing worms with a pinion-type cutter. A 
positive-feed clutch trip and a safety over-run switch 
ensure accurate and dependable operation of the hob- 
Carriage traverse. A wide range of additional equipment 
is available, including an automatic hob shift, hydraulic- 
ally operated work-clamping, a high-helix-angle hob 
head, and a deburring attachment. The machine 
exhibited will be demonstrated cutting a range of 
3-module spur gears. 

The Model-VS4A fine-pitch gear-shaving machine 
JUNE, 
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for spur and helical gears will be demonstrated with a 
hopper feed and a fully automatic cycle. With this 
machine (Fig. 10), the precut blanks are delivered from 
the vibratory hopper to a slide placed above the work- 
head and tailstock, the gears being held in the slide by a 
gate mechanism which delivers them singly into position 
for shaving. With the gear located on the arbor, the 
pneumatically operated tailstock clamps the blank, after 
which the shaving cycle commences. On completion, 
the shaved blank is stripped from the arbor, passing out 
via a delivery chute. Full electrical and pneumatic 
interlocking is incorporated into the circuit design, and 
the machine is safeguarded against faulty or uncut blanks. 
A range of four tool speeds is provided, and the stroke is 
variable, as required. The machine on show will be set 
up for 51-tooth, 1-module helical gears of 0-275 in. face 
width, and will shave these components at a rate of 120 
per hour. The entire cycle will be automatically con- 
trolled and will continue to repeat as long as correctly 
formed blanks are available from the hopper. The 
Model-VS4A machine will accommodate spur or helical 
gears of from }- to 4-in. diameter, with a maximum face 
width of 1 in. and diametral pitches ranging from 
16 to 180 D.P. 





Fig. 9 


The Model-V10B machine (Fig. 11) is a completely 
new design of vertical gear generator, combining rigidity 
with functional improvements. The machine is simple 
to operate, easy to set up, and is capable of the highest 
productivity for a wide range of gears and related forms. 
Operating on the well-known Sykes principle, the relief 
is applied to the cutter spindle, and the work saddle is 
adjustable to provide angular relief and to enable 
maximum radial feeds to be used. In-feed of the work is 
operated hydraulically and is independent of work 
rotation. Variable in-feeds, between 0-0005 and 0-004 
inch per stroke of the cutter, can be set quickly by 
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IF YOU THINK YOU GAN AFFORD TO DO WITHOUT 
THE NEW GKN SPARK MACHINE 


DON'T GOME AND SEE IT 
On M. GC. Layton Ltd's 


Stand 204 


at the International Machine Tool Exhibition, Olympia. 
June 25th = July 8th 








With the new GKN Spark Machine, the production 
of intricate shapes by electro-erosion is faster than 
ever; the range of finishes obtainable has been 
extended ; and both capacity and accuracy have been 
increased. Installation and operating costs, however, 
are surprisingly low. 


G 4 N spark machine 





DESIGNED BY THE GKN RESEARCH LABORATORY 


Sole Agents: M. C. Layton Ltd., Abbey Wharf, Mount Pleasant, Wembley, 
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You can see models Br and B2 of the GKN Spark 
Machine in action at the International Machine 


Tool Exhibition. In forming your opinion of , 


them, forget about their good looks, sturdy engin- 
eering, and unusual compactness: think of their 
performance! 


Manufactured by 


Welsh Metal Industries 


Caerphilly, Glamorgan 


Ltd 


Middx. Rudkin & Riley Ltd., Cyprus Road, Aylestone, Leicester. 
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Fig. 10 


rotating the disc of a special hydraulic control piston and, 
since the hydraulic in-feed mechanism does not depend on 
flow-control valves, the in-feed rate remains constant, 
irrespective of system or ambient-temperature fluctua- 
tions. Rapid approach and withdrawal of the work 
takes place automatically at the commencement and end 
of each cycle, the final cut being taken with the saddle 
hydraulically loaded against a dead-stop. One-cut, 
two-cut, or three-cut in-feed cycles are selected by a 
switch, the depth of each cut being set by the adjustment 
of trip-rods which actuate limit-switches. The final cut, 





Fig. 11 
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which normally takes a full 360-deg. rotation of the 
blank, can be modified with a plus or minus correction 
by adjustment of the dial of a “‘drop-off” indicator on 
one side of the machine. Cutter speeds and rotary feeds 
are infinitely variable through two separate Kopp 
infinitely variable speed units. Forward and reverse 
feeds are selected by switches on the control panel and 
are controlled by magnetic clutches. 

The Model-V10B machine can be supplied in various 
forms, to suit particular components or special operating 
conditions, a major variation in classification being as 
standard or semi-automatic machines. The machine on 
exhibition will be of the semi-automatic class, in which 
the operator places the component on the chuck and 
depresses the start-button. The entire cycle then 
continues automatically in the following sequence: 
The tailstock moves down to clamp, the workchuck 
expands, and the cutting cycle is initiated. Then (assum- 
ing two cycles), the saddle moves forward, first at rapid- 
traverse speed and then to normal feed as the work 
approaches the cutter. The first in-feed is stopped at the 
roughing depth, and the gear rotates one turn, after which 
the saddle in-feeds to the dead-stop and the second cut is 
made. When the cycle is complete, the cutter motor 
stops, the saddle moves back, the tailstock withdraws, 
and the chuck unclamps. 


Heenan & Froude Limited 

In addition to their Model S.14$ “Multiform”, 
completely tooled and ready for demonstration purposes, 
Heenan & Froude Limited, of Worcester, will be showing 
for the first time their new S.3 *“‘Multiform’’, which is the 
latest and largest addition to their range of automatic 
wire- and strip-forming machines. This machine, which 
has been specifically designed for the economical and 
high-speed production of heavier and more complex 
strip components, is capable of producing such com- 
ponents to a blank length of 12 in., a maximum width of 
3 in., and up to # in. thickness, at speeds ranging from 
40 to 120 pieces per minute. 

The production of such large and complex components 
necessitates increased die space, and this is adequately 
provided for in the design of the S.3, the die area extending 
to a maximum of 31 in. in length. Facilities for piercing 
or raising from the front or rear of the strip are incorpo- 
rated. All four camshafts are inter-geared and a special 
flywheel is incorporated into the drive system to ensure 
smooth running. The flywheel can be manually or 
automatically divorced from the machine, so that the 
considerable inertia built up in the flywheel does not have 
to be dissipated by the rotating parts before the machine 
can be brought to rest. Thus, the machine can be stopped 
immediately (automatically. if required). As distinct 
from the system used in previous ‘*Multiform’’ models, 
the S.3 drive system provides for the flywheel to be 
positioned to the left and rear of the machine, greatly 
improving access to the working parts, notably to the 
tooling, which can now extend practically the entire 
length of one side of the machine. 

Special attention has been paid to the design of the 
feed mechanism. The connecting linkages to the 
reciprocating feed are in a substantially straight line from 
the operating crank disc, thus giving a straight through- 
pull from the crank to the feed and ensuring complete 
accuracy of feed. The stock is gripped between a pair of 
flat dies, one of which is mechanically operated by 
means of a cam. To ensure that stsip up to maximum 
width and thickness is securely held, the grip is positively 
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The CVM.60 combines maximum 
production with extreme accuracy 


and easy operation. 


Powered by a 25 h.p. or 40 h.p. 
motor as required, spindle speeds 
range from 15 to 840 r.p.m. in 
eighteen steps. 

Rectangular table 

type has working surface of 9 ft x 
2ft9 in, and traverses 7 ft 2in x 3 ft 
3 in, with a choice of four feed 
ranges. 

Other models available 

with circular table or combined §§§ [IAN 0 h2" SS COR) oC) | een i 
circular and rectangular table. 
Maximum height under spindle 


nose is 3 ft 5 in. 


Ss 
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applied and released by a self-contained locking mechan- 
ism which avoids sustained side thrust on the feed slide. 
In consequence, less effort is required to move the feed 
backwards and forwards. The feed slide can be positioned 
nearer to the ram when using short feeds and thin strip, 
and the provision of a grip throw-out enables the 
machine to cycle without feeding during tool setting. A 
separate grip is provided to hold the strip firmly on the 
return stroke of the feed side, this being operated by two 
adjustable cams from the front shaft. Flat-faced dies are 
used to grip the stock. 

Sufficient room has been provided on the bed-plate 
for two press units, as well as the standard front cut-off. 
The horizontal press is designed with a standard die space 
of 10 in., and the entire press assembly can be adjusted 
along the bed-plate to obtain the best working position. 
A load of up to 30 tons can be obtained on each press, 
allowing a substantial amount of die work to be carried 
out. The machine can be supplied with either one or 
two rams and, in certain circumstances, as when the 
standard cut-off is not required, a third ram can be 
incorporated. In each case, the rams can be operated 
from the front or rear of the machine, thus permitting 
the burr on a component to be placed either externally 
or internally, as required, or to allow for bending or 
raising from front or rear. Each of the four slides is 
individually operated by a separate hardened and 
ground steel cam, each of which is capable of exerting a 


! force of 6 tons through the slide to the component. The 


cams are of the pick-off type, split for easy removal, and 
are securely bolted to a keyed-on back-plate. A double 
cam track is provided on the forward stroke, allowing 
for a central thrust and an additional thrust on a second 
roller. An outer track provides positive means of 
returning the slides. 


T. S. Harrison and Sons Ltd. 

In addition to a range of Harrison lathes for industry 
and training, and **Union’”’ drilling machines and grinding 
machines, including tool and cutter grinders, grinding 
and polishing machines, heavy-duty high-speed grinding 
machines, and tool-grinding and lapping machines, 
T. §. Harrison and Sons Ltd., of Heckmondwike, 
Yorks., will be exhibiting for the first time two new units, 
these being the Harrison 17-in. swing lathe and the 
Harrison plain horizontal milling machine. 





Fig. 12 


The Harrison 17-in. swing lathe (Fig. 12) is an entirely 
New exhibit. The wide bed is cast with rear-facing 
apertures to allow for easy disposal of cuttings and 
swarf. Twelve spindle speeds, within the range between 
32and 1500 rpm, are available from a single-speed 10-hp 
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Fig. 13 

motor, and the all-geared headstock has a three-bearing 
large-diameter spindle which is bored to pass a bar of 
3-in. diameter. A “Matrix” reversing clutch is fitted, 
and the totally enclosed gearbox gives threads up to 120 
per inch. The particular machine exhibited will admit 
40 in. between centres, but varying bed lengths are 
available up to 79 in. between centres. Hydraulic 
built-in copying attachments can be fitted to all models of 
this lathe, and a complete range of attachments is 
available for taper-turning and milling. 

Primarily introduced for the smaller workshop, the 
Harrison plain horizontal milling machine (Fig. 13) has a 
30 x 8 in. table, with either hand, power, or automatic 
feeds. The model exhibited has an all-geared drive which 
gives spindle speeds from 67 to 1500 rpm. However, a 
vertical head, with speeds up to 3000 rpm, is also 
available for this machine. 


Drummond-Asquith Limited 

An extremely wide range of equipment will be 
featured by Drummond-Asquith Limited, of Birming- 
ham 2, including Asquith ram-type milling and boring 
machines, girder end-facing machines, and boring and 
drilling machines, as well as Drummond gear-shaping 
machines and lathes, and a Drummond automated gear 
line, comprising lathes, and gear-hobbing and shaping 
machines. In addition, exhibits will include Warner & 
Swasey lathes, a Blackburn horizontal-spindle copy- 
milling machine, Forst keyseating machines and vertical 
broaching machines, Krause 6-spindle fine-boring 
machines, Nassovia automatics and automatic die- 
sinking machines, Manurhin automatic lathes, Ohler 
hydraulic sawing machines and saw-blade sharpening 
machines, Waldrich hydraulic double-column planing 
machines, Lidkoping centreless grinding machines, and 
Wolpert hardness-testing machines and combined 
Rockwell and Vickers testing machines. 

Other Drummond-Asquith exhibits include Staffa 
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FORM-GRINDING MACHINE 
“ BRUCO ” 


With fixed ratio between template and workpiece of 5 : 1. 


bloc! 
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Working area of wheel 23” « 3”. 
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iL | 


Vertical stroke 4”. Effective stroke 3”. 


Details of transmission unit and work table:— Ne 
(1) Wheel-head. (2) Wheel-head cover. (3) Grinding- q 
~~ 
wheel spindle. (4) Pulley. (5) Pulley with circular- a 
oo 


section belt. (6) Handwheel for belt tension. (7) 
Hydraulically operated work-table. (8 & 9) Table 3 


adjustment and locking handwheel. 
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bending machines, ‘“‘PeTeWe™ projection form grinding 
machines, “‘Hi-ton”’ presses, Swift lathes, Swift-Summer- 
skill open-side planing machines, and a range of Dawson 
cleaning machines, including the Dawson fully automatic 
in-line cylinder-block washing machine. This patented 
machine, which is made by Dawson Bros. Ltd., of 
Gomersal, near Leeds, provides high-precision cleaning 
to remove all cast-iron swarf and cutting oils from 
cylinder blocks prior to assembly of engines, and is 
capable of handling 80 blocks per hour. 

A particularly spectacular exhibit will be an Asquith 
|4-station in-line transfer machine for operation on 
Austin-Seven cylinder blocks. This machine (Fig. 14), 
which is approximately 65 ft in length, provides, among 
other operations, for semi-finish and finish boring of the 
crankshaft and camshaft bores, facing each side of the 
central crankshaft bearing, and reaming the crankshaft 
and camshaft bores. At station No. 8, a split liner bush 
is aligned automatically and is pressed into one end of 
the camshaft bore, this bush being fine-bored in position 
at the next station. After this operation, the block is 
turned through 90 deg., and three successive stations 
provide for a series of operations on the distributor bore. 

An air-operated travelling carriage picks up a cylinder 
P block from the roller track at the entry end of the machine, 
transports it to the transfer bar, and lowers it into 
engagement with two locators which enter the centre pair 
of cylinder bores. The transfer bar is indexed to bring 
the block to station No. 2. The bridge-type fixture used 
is typical of those provided on the machine, with the 
exception of station No. 5, and the locating and clamping 
arrangements are common to all stations. Horizontal 
guide rails on either side of the transfer bar are interrupted 
to receive two vertically moving jacks, which are raised 
and lowered hydraulically. When the transfer bar is 
moving a cylinder block into position, the jacks are 
level with the guide rails. After the transfer bar has 
completed its movement, the jacks raise the cylinder 
block from the locators on the transfer bar and thrust it 
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against the underside of the bridge fixture. The final 
alignment is determined by two vertical plungers which 
are advanced by two vertical oil cylinders on top of the 
bridge fixture. These plungers enter 4-in. diameter 
reamed holes in the sump face of the block. Swarf is 
carried from the machine by an endless-chain conveyor. 
The main control console, from which all movements of 
the machine can be initiated, incorporates a simple 
fault-finding arrangement of lights which indicate 
“heads back”, “jacks up”, “jacks down’’, “‘locators in’’, 
and “locators out”. Individual electrical controls are 
also incorporated at each station. 


The Churchill Machine Tool Co. Limited 

Exhibits from The Churchill Machine Tool Co. Ltd., 
of Broadheath, comprise a Model BW 10 » 20 in. 
automatic-gauging plain grinding machine with auto- 
matic wheel-truing and compensation, a Model HBM 
automatic-sizing internal-grinding machine with auto- 
matic facing, a Model EC centreless grinding machine, 
with automatic hopper feed and automatic gauging 
control, a Model AW 6 » 18 in. plain grinding machine 
with diminishing feed and power wheel-truing device, 
and a Model TWA 32 x 192 in, heavy-duty roll-grinding 
machine with electronic wheel feed. 

This heavy-duty roll-grinding machine (Fig. 15), which 
is one of a range recently developed in collaboration with 
roll-makers and mill engineers in the steel industry, is of 
particular interest. In these machines, the beds are in 
two sections, one of which is for the traversing wheel-head 
carriage, which carries the grinding wheel, wheel-feed 
mechanism, and traverse gearbox, with electrical controls, 
tachometer, etc. The other section is constructed to 
provide maximum rigidity for supporting and rotating 
even the heaviest rolls, the two sections being bolted 
together along the entire length. A 36-in. diameter 
grinding wheel is fitted as standard, and the wheel-head, 
which is designed for maximum bearing rigidity, is 
provided with a large-diameter spindle driven by a 
40-hp variable-speed motor. The 
feed wheel is graduated to read 
0:000125 in. Rapid power traverse 
is provided, with a push-button 
control. 

The machine is fitted with the 
Churchill patented automatic elec- 
tronic feed, by means of which 
the maximum use is made of the 
power available at the grinding 
wheel—a feature that has con- 
tributed considerably to high metal- 
removal rate. This is an exclusive 
feature and, apart from being a 
valuable time saver, requires less 
operating skill to keep the grinding 
wheel cutting at a steady rate, the 
power absorbed by the grinding 
wheel being kept virtually constant. 
In operation, the wheel feed is 
applied by hand until the load has 
been picked up, and the wheel is 
traversed along the roll face, the 
mechanical loads on the grinding- 
wheel motor falling because of the 
material removed, and correspond- 


Fig. 14 
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Radicon—the quick answer on speed reduction 


The quickest way to solve your speed reduction problems 
is to call in David Brown. Their stock range of RADICON 
speed reducers covers all reasonable requirements and offers 
for your choice, 330 combinations of type, size and ratio in 
standard units from 2} to 14—available for despatch within 24 
hours. 

Behind every ‘Radicon’ there are 100 years of sound tech- 
nical and production experience. In front of every ‘Radicon’ 
there is a long, long life of hard, hard work. 

If your problem is urgent, write for catalogue F.487.20. 
If it’s desperate, please telephone. 


DAVID 
BROWN 


An alliance of engineering specialists in gearing, 
machine tools, castings, automobiles, and 


agricultural tractors and machinery. 


THE DAVID BROWN CORPORATION 
(SALES) LIMITED 


OA/599? RADICON DIVISION, (SIZES 2} to 28) * PARK WORKS ° HUDDERSFIELD * TELEPHONE: 3500 
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Fig. 15 
ing reductions in the motor-armature current then taking 


place. The automatic feed mechanism is designed to 
ensure that a feed is applied immediately after a fall in 
current takes place. The operator can set the load- 
regulator to any value of load current within the capacity 
of the grinding-wheel motor. This automatic feed is 
ideal for finish-grinding, as the feed regulator can be 
adjusted to a low value and, as the finish is built up, 
it can be reduced in stages down to the lowest setting. 
The process of finishing becomes automatic, the amounts 
of feed being smaller than those which can _ possibly 
be obtained by hand. 


H. W. Kearns & Co. Limited 

In addition to a range of surfacing and boring 
machines, including the Kearns patent No. 3 W.B. 
electronic universal surfacing, boring, milling, drilling, 
tapping, and screwcutting machine, fitted with the A.E.I. 
two-dimensional automatic co-ordinate setting system, 
H. W. Kearns & Co. Limited, of Broadheath, will be 
exhibiting for the first time their entirely new Model- 
451P ““Optimetric” horizontal surfacing, boring, milling, 
drilling, and tapping machine fitted with a patented 
hydraulic tool-clamping and release system. 

Equally suitable for the tool-room or for general 
workshop use, this machine (Fig. 16) incorporates 
several exclusive and patented features, including a main 
bed of cellular construction, with a special channel in the 
centre, directly under the centre-line of the travelling 
spindle. The channel houses the longitudinal screw and 


shaft, together with their associated mechanisms, and, as 
the channel is filled with lubricant, these parts, including 
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the centre bed way, are submerged in an oil bath. The 
centre-guide on the saddle slides in this special bed 
channel; at the same time, the outer ends of the saddle are 
carried on large rollers which rotate on anti-friction 


9-speed gearbox of special design. 





bearings and are supported by the outer bed ways. 

A totally enclosed, foot-mounted 74-hp motor is 
bolted at the back of the main bed, where any heat or 
vibration generated has a minimum effect on the machine. 
The drive from this motor is through plastic belting to a 
Three gear changes in 
the spindle slide, combined with the nine speeds of the 
main-drive gearbox, give a total of 27 speeds. An out- 
standing feature of the machine is its versatility, as a 
result of the combination of the travelling spindle with a 
built-in automatic facing chuck. The feed mechanism to 
the facing slide is also patented and consists of only 
three simple components, i.e., a large-diameter concen- 
trically-mounted worm which drives twin spiral gears 
working directly into two racks attached to the facing 
slide. 

A new and important feature is the hydraulic tool- 
release and clamping system for the main spindle, this 
simple mechanism being operated by a rotary switch 
fitted in the main control pendant attached to the 
machine. In order to ensure accurate and constant 
effort when holding the non-stick mandrels into the 
spindle nose, the central draw-bar is pulled into position 
by a powerful spring housed in the end of the main 
spindle, a bayonet catch enabling the mandrel to be 
withdrawn easily and quickly. The spring is overcome 
by applying a hydraulic pressure to a cylinder attached 
to the end of the spindle. This simple mechanism is 
designed to fail-safe and enables tool-changing to be 
carried out with great speed and a very high degree of 
accuracy. 

The patented ‘‘Optimetric” system is provided to the 
vertical adjustment of the spindle slide and boring stay 
bearing and transverse movement of the table. This 
projection system enables settings to be made to 0-001 in. 
to a limit of error of +.0-00025 in. To assist the operator 
in setting, all scale mounts are adjustable in_ their 
housings. 


B.P.S. Machinery & Spares Co. Ltd. 

Exhibits from the B.P.S. Machinery & Spares Co. 
Ltd., of London, S.W.7, will include a Schaffner universal 
cylindrical grinder, a Schaffner universal mill, a Witzig & 
Frank drum-type automatic, and a Miller light radial 
drill. In addition, a range of Pittler lathes will be 
featured, including the “*Piropa” high-speed turret lathe, 
the front-loading “Pifat’’ automatic, which is a single- 
spindle version of the double-spindle “*Pidofat’’, and the 
“Piropta™ turret finishing lathe, which is made under 
licence from Zeiss and has been specially developed for the 
optical industry. 

An exhibit of special interest will undoubtedly be 
a special-purpose Binns & Berry lathe carrying the 
Burgsmiuller thread-whirling attachment, in which a 
series of single-point tools, mounted in a heavy ring, 
rotates around the work at high speed, taking a rapid 
succession of small cuts. This ring is inclined at the 
necessary helix angle and is fed along the lathe bed in the 
usual way, thus cutting the required thread. The 
**Whirlmatic’” machine exhibited (Fig. 17) has been 
developed as the result of close co-operation between 
Burgsmiller, the B.P.S. Machinery & Spares Co. Ltd., 
and Binns & Berry Bros. (Halifax) Ltd., and has several 
features of interest, including automatic cycling to feed 
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SPACEMATIC 2657 


automatic setting jig boring and mill- 
ing machine —the world’s most 
versatile numerically controlled 
machine tool. 


S PACEMALTIC 


For intricate high accuracy work and 
production economy, Rolls-Royce Ltd. 
exploit fully the versatility of their 
Newall Spacematic 2657 machine with 
tracer-controlled copy milling and profile 
generating equipment. 


Illustration depicts a set-up using an 
0.M.T. 30-inch optical rotary indexing 
table for milling 10 forms in a large 
diameter component. 


ASK FOR PUBLICATION 102/573 


NEWALL GROUP SALES LIMITED 
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the tools to full depth, automatic traverse, and high- 
speed return of the cutting head. A _ large-diameter 
central leadscrew ensures maximum accuracy and 
smooth movement of the saddle. In addition, the 
machine features a special mechanism in the form of a 
pitch corrector. This mechanism enables the measured 
efrors in a test screw cut on the machine to be corrected 
automatically on a second pass, or on the next similar 
screw being cut. This correction is achieved by a 
light-sensitive cell reading the errors previously recorded, 
feeding back the necessary correction to the floating 
lkadscrew, and moving it backwards or forwards, as 
fequired, to correct the error. 

Also to be shown on this machine will be the new 
Burgsmiiller high-speed spline and keyway slotting head, 
which is capable of cutting keyways at speeds of the 
order of 40 inches per minute. 


Landis Lund Limited 

Among other machines, including _fine-boring 
machines, cylindrical grinding machines, and automatic 
bearing inner-race and ring grinding machines, Landis 
Lund Limited, of Cross Hills, Keighley, Yorks., will be 
showing the 5-in. Type-DH automatic camshaft form 
grinding machine and the 16-in. Type-DH automatic 
crankpin grinding machine, both these machines being of 
American design. 

The 5-in. Type-DH automatic camshaft form grinding 
machine (Fig. 18), which will swing work of 54 in. in 
diameter and will take 26 in. between centres, is of heavy 
construction, with an extra-heavy wheel-base carrying the 
grinding-wheel spindle in Landis Tool Company 
“Microsphere” bearings. The work drive is 100% 
Vee-belt, and automatic slow-down of work speed for 
finishing, and automatic stopping of the head for con- 
venient loading position are exclusive production 
features. Up to 0-120 in. on stock can be removed from 
work diameters, and tapered cams can be ground without 
difficulty. The maximum grinding-wheel width is 1} in., 
and the wheel is dressed from a hydraulically operated 
dresser mounted on the wheel-base. Dressing is auto- 
matic on completion of the grinding of each camshaft, 
and compensation is made automatically to the wheel 
feed. The grinding cycle is fully automatic and includes 
rapid approach of the grinding wheel, grinding, rapid 
Wheel withdrawal, and indexing for each cam profile to 
be ground. The machine to be exhibited will be demon- 
Strated grinding a four-cylinder automobile camshaft. 

The 16-in. Type-DH automatic crankpin grinding 
machine (Fig. 19), which has a capacity of 16 in. swing 
JUNE, 
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Fig. 17 


by 32 in. length, has been designed 
specifically for the efficient grinding 
of all types of crankshafts on a 
rapid-production basis. The mach- 
ine grinds the diameter and side- 
walls of four crankpins, stock 
removal being from 0-03 to 0-04 in. 
from each diameter and from 
0-010 to 0-015 in. from the side- 
walls, with a production rate of 


13 complete shafts per hour. 
In addition to ‘* Microsphere” 
grinding-wheel-spindle _ bearings, 


this hydraulically operated machine, which will be 
demonstrated grinding a four-cylinder automobile 
crankshaft, has telescopic slide-way covers, automatic 
application of work rest, automatic sizing, and conve- 
niently located controls. 





Fig. 18 


The grinding-wheel feed is arranged for a rapid 
approach of the wheel until it is in the cheek-grinding 
position, after which a reduced rate of feed is engaged for 
grinding the cheeks, with still further reduced rates of 
feeds when grinding the crankpin diameters. Final 
sizing is effected by a Landis Tool Company “*Microfeed” 
unit Operating in conjunction with automatic sizing by 
means of a pneumatic electric contact gauge. The 





Fig. 19 
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diameter of the grinding wheel is 36 in., and wheel 
dressing is carried out by the recently introduced Landis 
Tool Company “True-Form” wheel-dressing attach- 
ment, which is mounted on the grinding headstock of the 
machine and which, in addition to dressing the periphery 
of the wheel, also dresses the full 90-deg. radii on each 
corner. 


Henry Broadbent Ltd. 

In addition to a 10-ft vertical boring and turning mill, 
a 25-in. swing surfacing and boring lathe, and a 36-in. 
swing centre lathe with a bed length of 18 ft 3 in., 
admitting 10 ft between centres and with a maximum 
swing of 56 in. by 20 in. in front of the faceplate, Henry 
Broadbent Ltd., of Sowerby Bridge, Yorks., a member 
of the Kerry Group Manufacturing Division, will be 
exhibiting an 18-in. swing sliding, surfacing, and screw- 
cutting lathe, which has been newly designed to meet 
with modern requirements for high metal-removal rates. 





Fig. 20 


In this machine (Fig. 20), which is of extremely sturdy 
construction, the headstock has all shafts and the spindle 
mounted on ball or taper roller bearings. The spindle 
has an extremely rigid mounting consisting of two taper 
roller bearings at the front and roller bearings at the 
rear, with a further bearing in the centre rib. All gears 
are of nickel-chrome steel, and are shaved for silent 
running. The diagonally ribbed bed has inserted shears. 
Hardened and ground beds can also be supplied with a 
detachable gap piece; in this case, the bed shears are 
integral and have chilled surfaces. The totally enclosed 
feed-box covers all English and American threads and, 
with a few change-wheels supplied, is capable of cutting 
diametral pitch, circular pitch, metric, and module. The 
machine can also be offered with the Hepworth copying 
attachment built into the machine, and is also manu- 
factured with a swing of 22 in. over the bed. A full 
range of accessories and equipment can be supplied. 


Qualters & Smith Bros. Ltd. 

The latest additions to the well-known ‘‘Sawmaster™ 
range of saws manufactured by Qualters & Smith Bros. 
Ltd., of Barnsley, a member of the Kerry Group Manu- 
facturing Division, are the ‘“‘Sawmaster™ bandsaws, types 
10B “‘Autocut” and 10B “Standard”. The type 10B 
“Autocut” bandsaw to be exhibited (Fig. 21) is fully 
automatic and has a maximum capacity of 9-in. diameter 
and up to 12 in. wide by 6 in. deep. 

The saw-blade, 150 in. in length, 1 in. in width, and 
& in. in thickness, passes over two 17-in. diameter 
Wheels, one of which is driven by a 1 4-hp motor through 
an infinitely variable cone friction drive. The blade 
guides are supported on cylindrical bars, adjustable 
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Fig. 21 


lengthwise in sleeves attached to the lower edge of the 
saw frame. Coolant equipment is provided, coolant 
being directed onto the blades at the guide-posts through 
a flexible pipe and tap. The coolant tank is located 
behind a hinged door at the rear of the bed. 

A control panel is fitted at the front of the machine 
and contains push-buttons for starting and stopping the 
blade and for raising the saw frame. Limit switches are 
mounted at various positions on the machine to control 
the automatic cutting cycle. A switch is provided on the 
control panel for converting the automatic cycle into a 
standard cycle, if required. For fine adjustment of the 
hydraulic dashpot cylinder controlling the down feed of 
the saw frame, a control dial is fitted to the front of the 
machine. At the beginning of each cutting cycle, the bar 
is fed through a vice of the “draw-in™ type by rollers 
driven by a 4-hp motor and, when it makes contact with 
an adjustable end-stop, a limit-switch is operated to stop 
the rollers. The saw frame then descends to perform the 
cutting operation. When cutting has been completed, 
the saw frame is raised and is caused to dwell in the upper 
position, while the bar stock is again fed lengthwise. An 
electrical counting device can be fitted. 


B. & S. Massey Ltd. 

The range of hammers to be exhibited by B. & S. 
Massey Ltd., of Openshaw, Manchester, includes a No. 3 
double-acting hydraulic hammer, a 7-cwt “*Clear-Space” 
pneumatic power hammer, and a 10-cwt Massey “*Mara- 
thon” electrically driven drop hammer, the smallest 
in a range up to 40 cwt. This type of hammer now 
incorporates the recently developed ‘“‘Aeromatic” gear 
which enables the operator to control the hammer by a 
single pedal. This pedal is extremely light in action and 
provides light or heavy blows of predetermined stroke. 
Alternatively, when required, the ““Aeromatic”™ gear can 
be disconnected and the hammer controlled by hand. 

The presses exhibited will include a 1000-ton high- 
speed forging press, but special interest attaches to the 
100-ton ‘“‘Wide-Ram” trimming and setting press, which 
is the latest addition to the range of Massey forge and 
drop-forging plant. This press (Fig. 22) is the smallest 
in a range from 100 to 1000 tons, with table working 
areas from 46 « 30 in. up to 84 « 50 in. Each press is 
provided with four one-piece cast-steel pitmans, thus 
ensuring maximum resistance to tilting of the ram. All 
bearings are of generous proportions, and the clutch is of 
the direct, air-operated friction type. The lubrication 
unit is automatically interlocked with the main press 
drive, so that, when the press is in operation, adequate 
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Fig. 22 


lubrication is provided for all moving parts. Alloy-steel 
double-helical gears provide the transmission elements. 
The frame, comprising bed-plate, uprights, and crown, 
is of box-type welded-steel construction, the whole frame 
structure being held together by four large-diameter bolts 
shrunk into position. 


Wild-Barfield Electric Furnaces Ltd. 

Equipment to be exhibited by Wild-Barfield Electric 
Furnaces Ltd., of Watford, Herts., will be representative 
of the Resistance-Furnace, Induction-Heating, and 
Vacuum Divisions of thecompany. Thus, high-frequency 
induction-heating equipment will feature a new Wild- 
Barfield AHF 2-:5-kW generator, with an intermittent 
rating up to 3 kW, incorporating full-range power 
control. In addition, a standard 25-kW set will be 
exhibited in conjunction with a new progressive vertical 
and rotary hardening machine, designed to have a very 
wide range of application. 

An interesting demonstration will be the manufacture 
of low-pressure die-castings, by arrangement with 
Alumasc Limited, of Burton Latimer, Northants., who 
are supplying the necessary material. The process will be 
demonstrated using a Wild-Barfield mains-frequency 
induction-heated aluminium holding furnace of 300-Ib 
Capacity, replenished from a mains-frequency induction- 
heated bale-out furnace of similar capacity. 

The keynote of the furnace exhibit will be the scientific 
control of an active process atmosphere and, to demon- 
Strate this, two types of sealed quench furnace will be 
exhibited, operating in conjunction with an endothermic 
gas generator. Complete control of atmosphere con- 
ditions to suit changes in material and /or application is 
achieved in the larger furnace by fully automatic dew- 
Point control on both the gas generator and the furnace, 
JUNE, 


1960 Volume 21, No. 6 


which will be a full-scale production “Ace” type, com- 
plete with full ancillary equipment, the working dimen- 
sions of the furnace chamber being 20 x 16 = 10 in. 
The smaller furnace will be of the hand-operated slipper 
type, for the clean hardening, etc., of small components, 
such as parts of small ball bearings. The G.W.B. 
endothermic generator will operate on bottled propane. 


Edgar Allen & Co. Limited 

A comprehensive display of engineers’ cutting tools, 
form tools, deposit-welded tools, die steels, alloy-tipped 
hot saws, and examples of progress in powder metallurgy 
will be exhibited by Edgar Allen & Co. Limited, of 
Sheffield 9, including the range of “Stag Major” high- 
speed-steel butt-welded tools, hardened and ready for 
immediate use, “Athyweld” humped-back deposit- 
welded parting tools, designed to avoid recurring tool 
breakage, and Allenite tungsten carbide ‘Plowrake” 
tools, which can plane high-tensile-steel castings, die 
blocks, etc. at speeds of 80 to 100 fpm with an approxi- 
mate depth of cut of } in. and a feed of 5 in. per stroke. 

Hard-facing materials of various characteristics and 
analyses, up to 85°% tungsten carbide alloys, will be 
shown applied to earth- and rock-processing equipment. 
A method of depositing hard-wearing faces will also be 
exhibited for the first time. The material, deposited on 
sample components by a metal-spraying process, is not 
mechanically bonded but is fuse-welded to the parent 
metal, its function being to provide a relatively thin but 
high-abrasion-resistant surface. 

Finally, an 18 » 36 in. fine-pole magnetic chuck with 
push-button automatic chuck controller will be intro- 
duced. This chuck is a product of J. H. Humphreys & 
Sons Ltd., of Oldham, a subsidiary company of Edgar 
Allen & Co. Limited, and will be shown demonstrating 
the operating cycle of the demagnetizer controller. 


Edgar Vaughan & Co., Ltd. 

The oil service for machine-tool exhibitions, offered 
by Edgar Vaughan & Co., Ltd., of Birmingham 4, at 
every machine-tool exhibition since 1912, will be operating 
this year ona greatly increased scale. To provide for the 
large quantities of metal-cutting oils, lubricants, and 
hydraulic oils required, a temporary oil store, with 
handling and transporting equipment, will be installed 
and, for the convenience of exhibitors using the oil 
service, a separate oil-service office will be installed on 
the stand itself. 

Samples of a few newly developed products of the 
company are to be exhibited, including a range of 
quenching media which provide cooling rates varying 
from a speed slightly lower than that of water to half the 
speed of conventional quenching oil. In addition, 
exhibits will include a light-coloured neat cutting oil 
which has given remarkable efficiency in machining 
operations on the most difficult materials, a water- 
soluble, oil-free grinding fluid, which affords complete 
corrosion protection to both ferrous and non-ferrous 
metals, a dry-film drawing compound giving heavy-duty 
drawing efficiency combined with protection of stock and 
components during storage, and a range of hydraulic 
lubricating oils which provide trouble-free hydraulic 
service and complete elimination of stick-slip. Other 
products include fire-resistant hydraulic fluids and a rust 
preventative which incorporates water repellency, 
fingerprint neutralization, and long-term protection, 
combined with fluidity and ease of application. 

(Other exhibits will be reviewed next month) 


151 
























Mobtux Grease is a \ithium base | Bley 
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British Industrial Developments 


Blending Unit for Heavy Oils at the 
Mobiloil Ocean Terminal 


The problem of mixing two streams of liquid together 
in certain volumetric proportions is not new and has in 
the past been solved in various ways, most of which, 
however, use very complicated and expensive pneumatic 
or electronic controlling mechanisms. A few years ago, 
the Fisher Governor Co., of Marshalltown, Iowa, 
developed a unit using the principle of maintaining a 
constant pressure drop across two orifices, the areas of 
which could be varied to obtain any desired ratio of 
blend. In this way, the normal complexity of instru- 
mentation was eliminated, and a self-contained unit 
of the utmost simplicity was produced, with an adequate 
accuracy for most applications involving such fluids as 
low-viscosity oil products. 

To meet the demands of the heavy-oil distribution 
companies, this unit was later modified in England by 
the Fisher Governor Co. Ltd., of Rochester, and was 
further developed to enable it to handle high-viscosity 
oils, up to 5000-sec Redwood No. |, the object being to 
blend together, in a predetermined volumetric or mass 
ratio, a high-viscosity fuel oil with one of lower viscosity 
to obtain an oil of an intermediate viscosity. This unit 
employs the principle of parallel metering of the two 
oils and arranges that the pressure losses across the two 
metering areas are kept equal. Since the viscosity of the 
heavy fuel changes rapidly with temperature, this com- 
ponent is metered through a fixed orifice of special 
design, i.e., the edge contour is such that the discharge 
coefficient remains reasonably constant over wide 
fluctuations in viscosity. The light-oil component is 
metered through a variable orifice in the form of a 
metering valve of the sleeve-and-piston type, as illus- 
trated in Fig. 1, which is a detail of a standard metering 
valve, showing the handwheel counter and piston-type 
inner valve. 

The pressure-balancing unit consists of two pressure- 
regulating valves actuated by a common diaphragm. 
Pressure tappings are taken just upstream of the fixed 
orifice and meter valve respectively, and are piped to 
either side of the diaphragm. The inequality in pressure 
at these two metering points causes the common valve- 
Stem assembly and inner valves to move, thus changing 
the pressure losses of the two streams through the unit, 
Taising the lower and reducing the higher until equal 
pressure is obtained. It should be noted that this system 
of balancing removes the necessity for accurate pump 
pressure settings, and is equally effective with rotary 
or reciprocating types of pump. 

The pressure upstream of the two metering areas must 
be equal and, since they have a common downstream 
pressure at the junction of the two streams, the pressure 
losses across these areas are kept equal. The blend ratio 
and the ultimate blend viscosity are therefore obtained 
by direct proportion of the areas across the two metering 
devices. As one is fixed, the blend ratio can be written 
as a function of the metering-valve travel. A turbulence 
vane is fitted at the outlet of the unit to ensure homo- 
geneity of the mixture. 
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The particular requirements of the Mobil Oil Co. Ltd. 
for their ocean terminal at Ellesmere Port are generally 
more difficult, in that a relatively high degree of accuracy 
is required, together with simplicity of construction 
and low maintenance. As, however, the Fisher in-line 
blending unit met the latter requirement, the Mobil Oil 
Co. proposed that a unit of the type described could 
be used in conjunction with a viscosity controller which, 
although adding a certain amount of complexity, would 
improve performance and would at the same time 
simplify the operation of the unit, in that individual 
calibration is not required. The scheme finally adopted 
was that of using a specially designed Smith viscosity 
controller. By means of an electrical signal, this con- 
troller, which was described in detail in our issue for 
May 1960, trims the setting of the metering valve in 
such a way that a viscosity error causes the metering 


valve to open or close as required. 


a rp oe 





Fig. 1 


With previous blending units it was found that, with 
the normal turbulence vane fitted just after the junction 
of the two streams, a perfect mix was obtained a few 
yards downstream. This was adequate for bunkering 
purposes, but the use of a viscosity controller required 
that a perfect mix must be obtained in the shortest 
possible time if the system time-lag was to be kept 
reasonably short. Experiments were carried out using 
various: :devices for increasing turbulence, but those 
effective at low flow rates caused excessive pressure drop 
at high flow rates. An electrically driven mechanical 
mixer was eventually chosen to overcome this problem. 

In the system used at the Mobiloil ocean terminal, the 
two components coming from the pumps enter the 
blending unit, where the pressure of each component 
is automatically equalized by self-operated pressure- 
balancing valves. The high-viscosity oil then passes 
through a fixed orifice, whilst the low-viscosity oil passes 
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Fig. 2 

through the metering valve, which proportions the flow 
as required. A _ pressure-difference sensing switch is 
fitted across the fixed orifice to switch on the second 
black-oil pump when the flow reaches the maximum 
value of the first pump. When the two streams are in 
more or less the correct proportions, they are joined 
together and passed through the mixer. A sample is 
then extracted for comparison with a “standard” by 
the Smith viscosity controller, which transmits a signal 
in accordance with the deviation of the sample, and the 
metering valve is reset, if necessary. The blended product 
is then piped straight to the loading arms, which are 
fitted with pressure switches to start the pump auto- 
matically when required. A view of the special type of 
blending unit for this ocean terminal is given in Fig. 2, 
which shows the inlet valves and balancing diaphragm. 





Fig. 3 
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To handle the heavy fuel oil, eight type SVF 3800 L3 
Hamworthy vertical positive-displacement electrically 
driven screw-pumps are mounted in line on a concrete 
base. Arranged in pairs, they deliver oil from the storage 
tanks through the blending units to the loading stands. 
Each pump (Fig. 3) is designed to handle 530 gpm of 
heavy oil with a viscosity of 2250-sec Redwood No. 1 
at 120° F at a working pressure of 110 psi. 


Miniature Electromagnetic Clutch 
and Clutch Coupling 


A miniature electromagnetic unit, the S.F.100, only 
14 in. in diameter, has been added to their Warner range 
by Westool Ltd., of St. Helen’s Auckland, Co. Durham, 
and is designed to transmit a maximum static torque 
of 2 Ib-in. Rated at only 6 Wand with a response time 
of a few milliseconds, the new miniature clutch (or 
clutch coupling), which can achieve a maximum speed 
of 15,000 rpm, is particularly suitable for use in control 
mechanisms on light instrument drives, computers, and 
servo-mechanisms. 





The unit consists of one stationary part and two rotat- 
ing parts. The stationary member is the field whichcontains 
the coil and, when this is energized, flux flows from the 
field to the rotor, which attracts the armature, allowing 
the driving member to be coupled to the driven member. 
The armature is mounted on a splined hub, the hub 
being attached to either the driving or driven shaft, thus 
allowing the armature to move axially for automatic 
compensation of wear and effective release when the 
clutch is de-energized. 


Stator Winder for Small Electric 
Motors 


Originally designed and manufactured for their own 
use by the British Vacuum Cleaning Co. Ltd., of Leather- 
head. Surrey, a stator-winding machine for small multi- 
slot stators is now available generally from the Catmur 
Machine Tool Corporation Ltd., of London, W.11, 
who have been appointed the sole selling agents. The 
winder has been designed to wind stators with a mini- 
mum bore diameter of 3 in. up to a maximum bore 
diameter of }8 in., with a maximum outside diameter of 
1} in. Wire sizes down to 46-gauge (0-0016 in.) can be 
handled. 

In operation, the stator is mounted horizontally in a 
special former or nest, clamped lightly into position, and 
adjusted so that the wire lays into the slots required. A 
wiring needle reciprocates horizontally to speeds up to 
300 strokes per minute and also oscillates to lay the wire 
into the required slots, i.e., 1 to 4, 1 to 6, etc. After 
winding each coil, the stator is turned to the next position 
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by the operator. The wire is positioned by highly 
polished formers or shrouds at either end, and these 
formers are developed to suit each particular type of 
stator. The machine is powered by a fractional-horse 
power electric motor. The speed of the winding needle 
is infinitely variable and is controlled by finger-tip 
pressure to ensure smooth starting and smooth accelera- 
tion. 


— 


The pay-off reel is mounted vertically with a light- 
alloy spinner plate, free to revolve on a ball race, while 
a special restricting device stops snarling or looping of 
the wire and allows the lightest gauge to be de-reeled 
without breaking. The wire then passes through a 
tensioner, the “‘fishing-rod” action of a spring wire guide 
taking up the slack as the needle reciprocates, so that 
an even tension is applied at all times. 


Automatic pH-Control 
Water-Treatment System 


By means of a new instrumented water-treatment 
system designed to eliminate the stoppage of the plant 
as a result of evaporator scaling or carbon dioxide 
corrosion, the low-pressure unit evaporators installed 
in the recently opened Willington ““A’’ power station 
near Derby are expected to have a completely un- 
interrupted working life. The system, which has been 
instrumented by Honeywell Controls Limited, co- 
ordinates the control of flow and pH-values in such a 
way that the water entering the evaporators is kept at a 
constant pH-value, predetermined to ensure optimum 
working conditions. The plant on which this control 
equipment operates was supplied by the Neckar Water 
Softener Co. Ltd. 

Unique in the U.K., the control system regulates 
the action of a two-stage treatment of the incoming 
town-water, which is initially softened in a_ base- 
exchange softener and is then dosed with an automatically 
controlled flow of acid to decompose the bicarbonate 
present. The acidified softened water is then fed into a 
degassing tower, where the free carbon dioxide is 
liberated. The degassed water, which still contains a 
trace of carbon dioxide, together with a slight excess of 
acid, is then drawn off from the degassing tower sump 
and is alkali-injected to the required pH-value before the 
final treated water is pumped to the storage tanks, 
whence it is fed to the evaporators. 

An orifice plate and differential-pressure transmitter 
are used to measure the flow of water through the entire 
1960 
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plant. This flow is recorded and integrated, and is 
automatically controlled by means of a diaphragm 
control valve. The liquid level in the degassing tower is 
also indicated and controlled pneumatically with a 
diaphragm control valve. The pH-values are recorded 
and pneumatically controlled for both stages of the 
treatment process. The method of control is novel in 
that flow and pH-value control are co-ordinated by 
means of averaging relays. 

The rate of acid dosage is governed by the average 
of the signal from the liquid-level controller (approxi- 
mately proportional to flow) and the controlled air 
output from the pH-controller. A second relay, which 
is manually adjustable, allows the acid-dosage rate to 
be varied to accommodate changes in the total alkalinity 
of the untreated town-water. The acid-dosing system 
can thus be reset to suit the varying qualities of the 
feedwater from different sources in the Derby area. The 
alkali dosing rate is governed by the average of the flow- 
transmitter signal and the controlled air output of the 
second pH-controller. The new control system has been 
found to keep the pH-value constant to within 0-2 pH. 


Automatic Xerographic Copying 
Machine 


Based on the xerographic process pioneered by 
Haloid Xerox Inc., of Rochester, N.Y., the new “Xerox” 
type-914 office copying machine manufactured in 
England by Rank-XeroX Limited, of London, W.1, 
is a fully automatic machine which produces high-quality 
black-and-white copies on ordinary plain paper from 
any type of original, irrespective of whether it is written, 
typed, printed, stamped, or drawn in any colour, in- 
cluding red and blue. 

As xerography is a completely dry process, the prints 
emerge (at the rate of six per minute) ready for immediate 
use. Furthermore, the prints are permanent and all are of 
equally high quality, as the machine requires no adjust- 
ments for exposure or development, so that errors in 
judgment on the part of the operator are impossible. 
Another advantage of the machine, which is of neat and 
compact design, as shown in Fig. 1, is that the operator 
does not handle the copy paper or re-handle the original 
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for mutliple copies, as the number of copies desired is 
selected on a dial and is automatically delivered on 
completion. The original can be anything from a letter 
toa bound book. 

The principle of operation of the machine can be 
appreciated from the cut-away view in Fig. 2. The 
original document or book is placed on the scanning 
glass and covered by the copy platen, and the desired 
number of copies is selected on the print-dial. When the 
push-button is operated, the positively charged xero- 
graphic drum, which is coated with a layer of photo- 
sensitive selenium, rotates in the direction indicated, the 
copy image projected through the optical system on to 
the surface of the drum forming a pattern of electro- 
statically charged and discharged areas corresponding 
to the original image. The latent electrostatic image is 
developed when oppositely charged dry powder iscascaded 
over the drum. The powder adheres to the image and, 
as the copy paper comes into contact with the drum, 
the negatively charged powder image is transferred by 
placing a positive charge on the paper. Finally, the 
image is fused permanently to the paper by passing 
itunder the enclosed heating grid, after which the finished 
print is conveyed to the delivery tray. 


Electronic “‘Storekeeper”’ for 
Factories and Offices 


In very large organizations, an electronic form of 
storekeeping can be, and in some cases is, employed. 
However, the cost of such an instrument, usually specially 
designed for a particular application, is very high and, 
although more than justified in such instances, the cost 
would be entirely prohibitive for smaller organizations. 
It is for this reason that the new electronic “storekeeper” 
announced by the Electronic Machine Co. Ltd., of 
Thornton Heath, Surrey, has been devised. This machine, 
which is essentially a desk-sized specialized computer, 
has been designed to retail at such a low price as to make 
itan attractively economic proposition to a large number 
JUNE, 
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of factories, warehouses, offices, 

c., for whom, until now, elec- 
tronic methods of storekeeping 
have been too costly and bulky. 
Nevertheless, despite its small size 
and reduced cost, the machine has 
a very large capacity. Thus, the 
basicmachine illustrated is capable 
of recording and storing no less 
than 10,000 individual items 
under each of 5000 catalogue 
headings, so that it can keep stock 
of up to 50,000,000 individual 
items. Larger models are available 
for other article and catalogue 
requirements. 

Initiation of all records is 
effected through the medium of a 
permanently incorporated electric 

typewriter, specially adapted to 
OO initiate the recording of informa- 
tion and also to type all associated 
information on such documentsas 
goods inwards or outwards, advice 
notes, invoices, dockets, etc., as 
it is adaptable for the handling 
of all suitable types of continu- 
Ous stationery or single sheets. 
By pressing an initiation tab and a plus or minus tab, 
followed by the catalogue number, a recording drum 
is prepared for the acceptance of the quantity of articles 
to be added or subtracted, manipulation of the following 
keys causing their number to be recorded. The top row 
of illuminated digits then shows the quantity of goods 
being placed in or taken out of stock, while the lower 
line of illuminated digits shows the number of items in 
stock under that particular catalogue heading before 
the new stock movement is recorded. The machine then 
calculates the new stock position, and the electric 
typewriter comes into operation, giving a typed record 
of these figures on the form inserted. Only one half of the 
platen is used, the other half being available for docu- 
mentary typing. 





Fig. 2 





In the event of requiring, without movement of stock, 
te know what stock is in any or all of the catalogue 
numbers, this can be checked by the use of appropriate 
tabs and keys, each answer coming up on the lower line 
of illuminated digits whilst being typed on the stock form. 
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Business never stands still. New business, new methods, 
new techniques, new competition—all these mean that 
new plant and equipment are forever needed. 

That’s where UDT comes in. UDT helps you replace 
old equipment, add new, out of income. Which often 
means it pays for itself out of increased profits. A nice 
businesslike way to do business. If you think UDT 
could help you, get in touch with the Manager of your 
nearest UDT office—the address isin your local directory. 


United 
Dominions Trust 
(Commercial) 
Limited 


United Dominions House 
Eastcheap, London EC3 
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New Materials, 


Processes, and Equipment 


Lathe with Constant Surface- 
Cutting-Speed Mechanism 


A new type of constant surface-cutting-speed mechan- 
im has recently been developed by The Monarch 
Machine Tool Company, of Sydney, Ohio, for their 
“Mona-Matic”” manufacturing lathe. Functioning in 
conjunction with a four-cut fully automatic work cycle, 
controlled by a “‘multicycle programmer’’, this mechan- 
ism provides automatic variation of the speed of the drive 
motor to maintain the desired surface cutting speed on 
the various diameters and contours of each workpiece in 
the run. It is claimed that this new speed-control 


feature gives greatly increased tool life, higher rates of 
production, and improved workpiece finishes. 





During operation, when the multicycle programmer 
of the lathe indexes from one cutting cycle to the next, 
causing the cutting tool to be automatically positioned for 
the required cut, an electrical signal indicating the exact 
distance from the cutting-tool tip to the workpiece 
centre-line is transmitted to the constant surface-cutting- 
speed mechanism, which then automatically adjusts the 
speed of the drive motor and hence the speed of the 
spindle. If, during the actual cut, the drive motor 
deviates from the proper speed, a special feedback signal 
system enables the control to compensate for the error. 

Similarly, when contours are turned under the 
control of an “‘air-gauge tracer” unit on the new lathe, 
the constant-speed mechanism continually varies the 
speed of the drive motor, automatically maintaining the 
required surface speed at the point where the tool tip is 
actually cutting. The mechanism can, however, be 
controlled manually at any time, if desired. The dual- 
template air-gauge tracer assures template control for 
the last rough cut and final finish cut, with adjustable stop 
dimensioning of the first and second rough cuts. Actua- 
tion of the rough-cut stops and shifting of the template 
holder are controlled by the multicycle programmer. 

Workpiece set-up time is reduced by a special inter- 
locking system between the air-actuated tailstock and the 
air chuck on the headstock spindle. A single control lever 
at the tailstock moves the tailstock centre into the work, 
clamps the air chuck, and locks the tailstock spindle. 
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Two support members installed between the headstock 
and tailstock legs give extra rigidity to the bed structure 
and absorb vibration. 

The electrical control equipment of the constant- 
speed mechanism is housed in a separate cabinet enclosure, 
positioned near the drive-motor end of the machine, the 
main drive motor of the machine being a 25-hp variable- 
speed a.c. unit. Available surface speeds range from 200 
to 1175 fpm and can be maintained over a 4 : 1 range of 
diameters. Optional equipment includes an indepen- 
dently powered chip conveyor for removing cutting chips 
into a centralized chip-disposal system. 


Low-Cost Process-Control Computer 


Representing a completely new approach to the 
design of an on-line analogue computer for the process 
industries, the “Anatrol’ process-control computer 
announced by the Systems Engineering Group of 
De Havilland Propellers Limited, of Hatfield, Herts., 
provides for the first time a low-cost, comprehensive, and 
versatile system with the stability and robustness 
essential to modern on-line process control. The 
accuracy of the computer is compatible with current 
measurement accuracies, allowing it to be easily and 
efficiently integrated into existing control schemes, while 
its computing potential is equal to that of very much more 
costly and complex computer systems. Yet, despite these 
advantages, the computer measures only 28 x 15 « 234in. 
high, and weighs only 180 Ib. 

In this computer, a minimum number of computing 
amplifiers and multipliers is formed into an arithmetical 
unit which is used to provide a step-by-step solution of 
equations, according to a preset programme, each step 
being selected sequentially by a switching system. Short 
stores are used to retain information on the result of a 
step in the solution for use in a later stage of the computa- 
tion. Long stores are used to clamp the outputs at the 
last computed figure while fresh values are being deter- 
mined. Up to a maximum of twenty-five steps is avail- 
able, giving the computer the potential of a machine 
employing at least seventy-five computing amplifiers 
and twenty-five multipliers. Semiconductor techniques 
are used exclusively, with the exception of some electro- 
mechanical switching elements. The machine is based 
on module construction, and different component-unit 
combinations can be used, according to the problem. 

The reduction in the number of expensive com- 
ponents used provides low cost and simplicity, and the 
use of semiconductor techniques enhances the reliability 
of the computer, which employs high-gain feedback 
amplifiers using high-performance transistor choppers to 
yield low drift over long periods. The active elements are 
transistors throughout. The amplifiers, which are used 
for computing functions and for providing “hold” 
facilities at the computer outputs, each have linearity 
and drift characteristics giving an overall error of less 
than = 0:1°% of full scale referred to each amplifier. At 
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the first stage in each cycle, the computing amplifiers and 
multipliers are connected with the two voltage-reference 
units, which have an accuracy of | part in 104, and a null 
detector is used to check that overall accuracy is within 
specified limits. If this limit is exceeded, a signal for 
alarm purposes is given. The overall accuracy of the 
computer depends very much on the number of steps 
involved in the calculation and the form of arithmetic 
involved. In a typical problem the overall error will be 
less than 1% of full scale, and this error can be 
reduced by the way in which a problem is programmed. 





The computer, apart from addition and subtraction, 
multiplication and division, and multiplication and 
division by constants, is able to perform such functions as 
power laws (both fractional and whole numbers), 
differentiation by analogue methods or by taking 
differences, and integration by analogue methods or by 
time/amplitude sampling. Other functions, such as 
transcendental relationships, logarithmic and exponential 
laws, etc., can be handled by an additional input unit. 
These facilities make the computer suitable for process 
applications in which several variables must be operated 
on, according to a predetermined equation or other 
relationship, to yield a further variable which is a 
function of some input. Two computers can, if required, 
be operated in series or in parallel to increase the scope 
and size of the problem undertaken. In fact, the output 
from one machine can well form one of the inputs to the 
next machine. 


Electrical Actuators for Valves 


Suitable for the automatic, remote, and local powered 
control of a wide variety of valves, including parallel slide 
valves, globe valves, plug valves, butterfly valves, 
diaphragm valves, and wedge and gate valves, with rising 
spindles or non-rising spindles, the new Jones Tate 
Series-100 SD electrical actuators, announced by Dew- 
rance & Co. Ltd., of London, S.E.1, provide instarst 
availability of hand or power operation, with full safety 
interlock and automatic transfer from hand operation to 
power operation as soon as the motor circuit is completed, 
the handwheel being disengaged without shock or 
impulse being felt by any person attempting manual 
operation. Furthermore, the motor is permitted to start 
up and attain full speed before taking up the load, with 
instantaneous motor reversal under no-load conditions. 

The actuator incorporates a torque switch for seating, 
with a wide range of adjustment, so that the seating load 
to seal the valve completely is correctly controlled. 
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Coupled with the torque switch, which acts as a protection 
for both the valve and the actuator, is a special repetitive 
“notching” feature, the two devices being so arranged 
that notching or controlled hammering is available 
throughout the valve traverse until seating commences, 
when the torque switch becomes effective. The torque 
switch can be arranged to be operative in both directions 
of traverse or, if required, it can be made operative 
throughout the full traverse, i.e., independent of normal 
limit-switches. 

In the case of parallel slide valves, the valve operating 
mechanism comprises an electric motor coupled by 
straight-tooth gears to the valve spindle by a centrifugally 
controlled transfer clutch and a notching clutch, the 
centrifugal device transferring the drive from the hand- 
wheel to the motor gearing as the power is switched on 
and off. The notching clutch has self-releasing teeth 
which prevent the valve from being power-overloaded. 
The centrifugally controlled clutch allows the motor to 
attain full speed before the load is applied and also 
disconnects the motor as soon as the current is switched 
off, either by limit switches or the torque switch. Dis- 
engagement of the drive prevents drift and valve over- 
travel, and at the same time permits the kinetic energy of 
the rotating parts to be absorbed by a Belleville-washer 
pack. The limit switches are of the geared quick make- 
and-break type, driven by spur gearing from the second 
reduction shaft, and requiring only a small movement of 
the valve for both tripping and resetting. With appro- 
priate operation of the controller, the motor accelerates, 
the handwheel automatically disengages, and the drive is 
transmitted to the valve spindle via the centrifugally 
controlled clutch and the notching clutch. 

In the event of an excessive load, such as the valve 
being jammed, the notching-clutch teeth disengage, the 
actuator motor accelerate, and a torsional impulse or 
hammer blow is administered when they again engage. 
This hammering effect applies approximately twice the 
full-load torque to the valve, and the sequence continues 
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repeatedly until the excessive load is overcome and 
normal traverse can continue. When the power is cut off, 
either by the controller or limit switch, the motor is 
de-energized, and the centrifugally controlled clutch 
automatically withdraws the drive from the motor and 
transfers it to the handwheel, ready for manual operation. 
In the case of globe valves, and wedge and gate 
yalves, the mechanism is similar to that described above 

f for operating parallel slide valves, but includes a torque 
limit-switch designed in conjunction with a Belleville 
{ spring-washer pack. Immediately before seating com- 
mences, the torque switch is brought into operation, the 
galing thrust imparted being a function of the torque 
applied to the valve spindle. The applied torque is 
measured by the separation of the notching-clutch teeth, 
and this motion is applied to the torque switch. Thus, 
when the torque reaches a predetermined figure, the 
torque switch trips and de-energizes the actuator. The 
kinetic energy of the moving parts is absorbed by the 
Poem Belleville-washer pack, which also exerts the thrust to 
CG keep the valve dead-seated after switching off the actuator. 
/- eact These actuators are available in standard totally 
} enclosed weatherproof versions, or as flameproof and 
weatherproof versions, in nine different sizes, ranging 
| from maximum spindle diameters of 14 to 44 in., with 

an yy corresponding thrust ratings from 12,000 to 150,000 lb, 
g and nominal torque values at the normal maximum 
valve-spindle speed of 24 rpm from 60 to 3500 Ib-ft. 
ow diffe] These units are normally suitable for operation at 
temperatures up to 140 F, though actuators suitable for 
higher ambient temperatures can be supplied to special 
. . We've\ order. The illustration shows the 120 SD flameproof and 
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? springs weatherproof actuator, with a nominal torque rating of 
| 120 lb-ft at 24 rpm. 
So, we 
ou oul Control Equipment for Machine Tools 
small 


Extremely reliable and accurate in operation, “‘Tele- 
which} dictor” control equipment for machine tools, produced 
inge. by Teledictor Limited, of Tipton, Staffs., is designed to 
cover a wide range of applications. Thus, most types of 

a fev machine tool, such as radial drills, lathes, milling 
for wd machines, and gear-cutting machines, can be satis- 
re stuck factorily controlled by this equipment. Also, a pre- 
setae determined sequence of control settings, i.e., a programme, 

for an article can be established, so that the quality of the 
finished product is invariably consistent. The control 
equipment can be operated manually or, by using punched 
cards, automatically. 

By using analogue principles in the control equipment, 
any given setting of the machine tool can be represented 
by two voltages which are directly related to either the 
cartesian co-ordinates of the setting, or, for certain 
ie applications, the polar co-ordinates. In this way, the 

control equipment always “‘knows” the exact setting of 
the machine tool, so that any changes, corrections, or 
Modifications which may be required during a machining 
procedure can be made without the necessity for repeating 
the entire programme. 

A fairly simple positioning control forms the basis of 
the control equipment and enables the machine tool to 
be Operated to any desired position, e.g., for drilling. 
The appropriate co-ordinates are set by means of controls 
on the equipment console, and two servo-motors (inde- 
Springs, | Pendently switched) drive the machine tool to the 
rk for | Corresponding position. Normally, cartesian co-ordinates 

nme ( fe used, three switches and a potentiometer (referred to 
as the ‘‘base’’ controls) being associated with each of the 
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two co-ordinates to facilitate settings between 0 and 10 
in., the smallest scale divisions representing 0-0001 in. 

In order that the article to be manufactured need not 
be accurately positioned on the machine bed, datum 
controls are incorporated, these controls being adjusted 
at the commencement of a programme to align the 
machine tool to a predetermined reference point on the 
article. In this way, the article can be secured in virtually 
any position on the machine bed (provided that parallelism 
with the bed edges is observed), the base settings being 
referenced to the datum settings. For quantity work, 
the datum controls are set for the first article, and locating 
blocks are then fitted to the machine-tool bed. Two 
centre-zero meters (one for each co-ordinate) indicate 
when the machine tool has reached the position deter- 
mined by the base settings. 


~ 


A shape generator can be included in the console for 
performing such functions as cutting circles or straight 
lines at any angle. By suitable programming, a cutting 
tool can be made to cut complicated shapes involving 
circular curves and straight lines. A shape generator 
can also be provided for arbitrary curves, the generator 
being set up for the particular requirement on site. 


Stable Bright Platinum Plating Solution 


A stable platinum plating solution, from which bright, 
heavy, and coherent deposits can be obtained, has now 
been made avilable by Johnson, Matthey & Co., Limited, 
of London, E.C.1. This bath, known as DNS platinum 
plating solution, is based on the complex sulphato- 
dinitrito-platinous acid H2Pt(NO>2)2SOx4, and is acidic in 
nature, so that it can be used successfully on electrical 
components and on printed circuits. Platinum from the 
solution can be deposited directly on to copper, brass, 
silver, nickel, aluminium, and titanium; for deposition 
on tin, zinc, cadmium, or steel, an undercoat of silver or 
nickel is necessary. Deposits from the new bath, which 
requires no agitation, are exceptionally bright and 
lustrous at all thicknesses, and no polishing is required. 
No evidence of porosity has been found in deposits up to 
0-001 in. in thickness on polished copper but, above this 
thickness, some evidence of cracking may be observed. 
Microhardness tests on deposits have given values 
ranging from 400 to 450 VPN. The character of the 
deposits remains unchanged in a temperature range 
between 30° and 70° C, but the recommended operating 
temperature is 50° C. 
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The platinum plating solution is supplied as a 
concentrate containing 100 grams of platinum per litre 
of solution, and this should be diluted to 5 grams of 
platinum per litre of solution, using glass, earthenware, 
| or plastic tanks. At a current density of 5 A/sq ft and 
atemperature of 50 C, the rate of deposition is 0-0001 
in.in 2 hours. At this rate, very accurate control can be 
exercised over the amount of metal deposited and, for the 
majority of applications, these conditions represent the 
best compromise between efficiency and economy. A 
faster rate of deposition can readily be achieved by using 
asolution containing 15 grams of platinum per litre of 
solution at a current density of 20 A/sq ft and a tem- 
perature of SO’ C. Under these conditions, a thickness 
of 0-0001 in. will be deposited in 30 min. 


New Transistor-Chopper Technique 


Largely overcoming earlier objections to the use of 
transistor-choppers for field work, such as the need for 
accurate prior setting up to obtain a low and constant 
rate of drift with changes in temperature, a new technique 
for using a symmetrical transistor as a chopper has been 
developed by Smiths Aviation Division, of Wembley, 
Middlesex, principally for use with thermocouples, 
though its use in strain-gauge work is also visualized. 
In fact, it is stated that the new technique has changed 
the application of transistor-choppers in circuits suitable 
for laboratory work to circuits which can be used in 
robust instruments capable of withstanding the rough 
conditions of general work. 

With the new technique, setting up is obviated or, for 
certain applications, reduced to a minimum, and 
performance can be guaranteed from a standard batch of 
transistors. Thus, using silicon transistors, a drift rate of 
better than 1-5 uV/°’ C, without selection from a batch 
@ setting up, is claimed over a temperature range 
‘between —40 and +100 C. With limited setting up, 
the results are stated to be better than 1-0 uV/° C under 
the same conditions. In addition, the weight of the 
transistor-chopper is less than that of a mechanical 
chopper, while the transistor-chopper circuit, which 
includes two transistors, four resistors, and one trans- 
former, is about 25 °% of the size of a mechanical chopper. 









New Ultra-High-Strength Steels 


Designed to give tensile strengths of between 100 an 
140 tsi after tempering at up to 600° C, a new series of 
ultra-high-strength steels for use at high temperatures 
has been developed by Samuel Fox and Company, 
Limited, a subsidiary of the United Steel Companies 
Limited, of Sheffield. In addition to permitting higher 
operating temperatures to be considered in design, 
compared with steels currently specified for these 
Strength levels, the high tempering temperature of these 

. new steels yields maximum stress relief and hence 
greater dimensional stability. 

At present, there are three steels in the new series, 
though one of these is a commercial alloy already in 
Production. Formerly designated Fox 769, but now 
renamed HST 100, this steel has a tensile strength of 100 
tsi in the air-hardened and tempered condition, and the 
two entirely new steels in the series have, in fact, been 
obtained by small compositional changes in the basic 
HST 100 analysis, coupled with the use of a combination 
of solution hardening and improved tempering resistance. 
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The two new steels are known as HST 120 and HST 140, 
and have tensile strengths of 120 and 140 tsi respectively. 
Compared with HST 100, these steels do not have an 
increased carbon content; indeed, it has been found 
possible to reduce the carbon content of the HST 120 
steel to 0-30°%. Both steels can be hardened in air or in 
oil, depending on mass, and all three in the series have 
silicon contents below 0-40°%. 

These steels can be produced in the form of billets, 
blooms, and slabs for forging and re-rolling, and in bars 
for forging or machining. Bars can be supplied in either 
the annealed or the fully hardened and tempered condi- 
tion. Experiments are taking place to produce sheets 
down to 0-064 in. in thickness in all three qualities, but 
these are not as yet generally available. 


High-Frequency Crossbar Switch 


A new high-frequency crossbar switch requiring 
limited space and eliminating the need for bus wiring has 
been introduced by James Cunningham Son & Co., Inc., 
of Rochester, N.Y. The new switch, designated the 
Cunningham Type P, has specific applications in radar, 
sonar, and low-level signal distribution and, because of 
its design flexibility, is available in a variety of modules to 
meet specific requirements. 





Measuring only 4} = 123 
about 44 Ib, the basic unit can switch sequentially or at 


~ 2§ in. and weighing 


random up to 120 circuits. Individual magnets at each 
crosspoint make an electrical connection at the cross- 
point, closing a circuit in one input and one output. Any 
circuit combination can be set up in any sequence and 
each circuit can have up to six poles. The twin gold 
contacts used can carry 100 mA non-inductive load at 
50 V d.c. for 20,000,000 operations. Contact bounce on 
make is less than 200 microseconds, and no bounce at all 
is discernible on break. 


Multiplane Diffractometer for 
Preferred-Orientation Work 


Based on a design currently in use at the Atomic 
Energy Research Establishment at Harwell, a new multi- 
plane diffractometer for fully automatic or manual 
Operation has been designed and produced by Seton 
Creaghe Engineering Ltd., of London, N.W.10. Apart 
from its use in the field of nucleonics, the new instrument, 
which incorporates goniometric and scanning movements 
for fulfilling the requirements of rapid operation and 
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Amongst the large number of moulding jobs we have carried 
out we include this 12” Magnetic Tape Reel and Transparent 
Dust Proof Cover* as one of the more interesting. 
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The moulding is a typical example of accuracy combined D 
with size and attractive appearance. One of the salient Seatt 
features in the moulding is the fitting of the top cover rivet- 
to the base by three latches. A PTFE Washer (.005”) was of 0+ 
included which eliminated the need for lubrication. | milli 
Easy opening and closing was assured. -— va 
An interesting factor is the range of material used: : 
Covers: Clear Polystryene. oy 
Reels: High Softening Medium Impact Polystyrene. ne : 
Card Holder: High Impact Polystyrene. Produced for 1.B.M. United —— 
Latch Mouldings: Graphite Loaded Polystyrene. Kingdom Ltd., one of our many and | 
Locking Ring: Polythene. friends and customers. matic 
Washer P.T.F.E. With four factories at our | ime 
disposal each equipped with by 
the most modern machines, | com! 
rs : we can undertake practically | addi 
i a = | Ke} a Lj mM | ted any compression, injection or and | 
moulding job, however long elect 
the run. ene 
We should be pleased to hear = ; 

about your moulding problems 
The plastic moulders with the engineering background —we can help you. aoe 

u 
315, Summer Lane, Birmingham 19. Tel: ASTon Cross 1156/7/8/9 = 
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‘extreme accuracy, is also suitable for use in the chemical, 
ining, welding, and other industries where crystal- 
Structure analysis is being carried out. 

' Essentially, the diffractometer is an X-ray instrument 
designed to use the Shulz method of determining the 
ferred orientation of crystals. This method enables 
intensities of reflections to be related, without correc- 
tion, to the number of crystals reflecting, so that the 
instrument can be used to examine the crystal structure 
a specimen in any plane by the simple but precise 
djustment of the goniometer ring. Setting up of the 
strument is rapid, and no readjustments are needed 
when the plane of examination is altered. Seven simple 
djustments are all that are required to prepare the 
instrument for use. 

The main body of the instrument is carried on adjust- 
ble cross-slides by three levelling screws and can be 
further adjusted in angle to the base. The geiger-counter 
am and goniometer ring are carried by concentric 
thearings and the gearing between them gives a 2:1 
ngular movement. The goniometer ring can be adjusted 
rately in relation to the counter arm and _ then 
amped. Rotation of these items is by hand and two 
tales give the angle 20 to one minute of arc. 

» Slit systems are provided for the incident and reflected 
beam, and are accurately located. Various angles of 
Pbeam spread can be provided. Since the slit system is 
arranged in a simple geometric ratio, careful choice of 
fdits can double the range of receptor and divergence 
angles. The goniometer has a scale inscribed to 0-5 deg. 
and carries the specimen holder and a beam width- 
limiting slit, provided as standard for preferred orienta- 
tion. A special curved slit can be supplied for purely 
) diffraction purposes. The specimen holder can be 
fotated and reciprocated in the beam by two variable- 
speed motors, the angle of specimen rotation and length 
of stroke being shown on scales. Specimen holders for 
rod, sheet, or tube specimens are available, and gauges 
are provided to position the specimen quickly and 
accurately. Tests have shown that the diffractometer is 
able to separate an a;,a> doubtlet less than 6 ft apart. 




































Electronic Inspection Device 
for Rivet Heads 


Seattle, Washington, an entirely new type of electronic 
tivet-head inspection device can show, with an accuracy 
of 0-0001 in., any deviation from normal of any of the 
millions of rivets purchased by Boeing every year. 

Up to now, the meticulous task of measuring sample 
batches and determining deviation has been accomplished 
by hand-gauging methods. In future, using the new 
device, it will be possible to measure a batch of 50 rivets 
and to arrive at an acceptance or rejection figure, auto- 
matically averaged and computed, in one-third of the 
lime formerly required. Further speeding of inspection 
by means of automatic rivet handling and an improved 
computer, now in the design stages, is expected. In 
addition to reducing the time and cost of rivet inspection, 
and ensuring increased accuracy, the same electronic and 
electro-mechanical principles can be applied to other 
gauging operations. 

The new inspection device consists essentially of a 
gauge block, a sensing head, and a simple electronic 
computer (shown in the illustration with its case removed). 
Before measuring production rivets, a master rivet is 
placed in the gauge block to set up a reference level, and 








_ 
so 
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Developed by the Boeing Airplane Company, of 





rivets to be inspected are then placed in the gauge block 


One ata time. In the sensing head (in the foreground of 
the illustration), a push-button drops a_protrusion- 
measuring stylus onto the rivet head. Attached to the 
stylus, the movable core of an_ electro-mechanical 
transducer translates the measurement made by the 
stylus into an electrical potential difference which is 
proportional to the displacement of the stylus. This 
difference is amplified and supplied to the computer, 
which determines any deviation, first for each rivet, and 
then for the batch as a whole. 


Miniature Electromagnetic 
Circuit-Breakers 


The new range of Type C-50 miniature circuit- 
breakers announced by J. A. Crabtree & Co. Ltd., of 
Walsall, Staffs., may well challenge the use of rewireable 
fuses for sub-circuit protection, inasmuch as_ these 
circuit-breakers are high-efficiency units produced at a 
really competitive price and in a size suitable for use in 
domestic consumers’ units or distribution boards. 
Indeed, they are claimed to be the first all-insulated 
domestic consumers’ units to embody circuit-breaker 
protection. 

The new circuit-breaker has an electromagnetically 
operated trip mechanism, all ratings being set to trip ona 
sustained 30°, overload. An essential feature is a built- 
in inverse time-current delay device which prevents 
harmless transient overloads from causing “nuisance” 
tripping, though the same mechanism ensures instan- 
taneous tripping under heavy overload or short-circuit 
fault conditions. Thus, whilst tolerating harmless 
transient overloads, the circuit-breaker gives close and 
accurate overload protection against any form of 
sustained overloading. An important feature is that 
neither the minimum tripping current nor the nominal 
current rating is affected by variations in ambient 
temperature. Not only do these values remain constant, 
but, in addition, all current ratings, including the lower 
ranges, maintain their accurate tripping characteristic 
after successfully clearing repeated overload or short- 
circuit faults. 

The operating handle of the unit controls a moving 
contact through a_ collapsible, over-centre toggle 
mechanism. As this handle is in positive control of the 
movement in both the on and off positions, the breaker 
can always be manually opened or closed. As the 
breaker closes, a powerful main-spring imparts a high 
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Timken high-precision bearings are made expressly for 
machine tools and other applications needing great accuracy. Vv 
The above photograph shows two of the tests on a Model ‘D’ magr 
NO. 18 HOLB ROOK LATHE ; Photograph by courtesy of Hol- \ ep 
—_—" . k Machine Tool » eds : 
the graph shows an enlarged Talyrond record, indicating the — “a — i ey : : sar ; 
arlow, SSeX. zrap aken win 
maximum out-of-round as -000025”, the limit for this lathe “i Tate Thad. inher 
being -0001”. The ‘camming’ on the face was also -000025"; — Sectional drawing shows the ve 
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other tests show comparable accuracy. These results are flanged Timken bearings on time 
representative, the lathe being typical of the standard pro- ‘" “= — ~s 
- ; c spindle: these bearings contro 
duction. Full particulars of the three grades of Timken é ge DCI 
the axial location in both 
precision bearings, on request. British Timken, Duston, divections. ce 
Northampton, Division of The Timken Roller Bearing con 


Company. Timken bearings manufactured in England, bil 
Australia, Brazil, Canada, France and U.S.A. 


TIMKEN 
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contact force, ensuring low heat losses and freedom from 
the danger of welding. Proving tests have already 
justified the issue of an interim  breaking-capacity 
certificate of 3000 A (0-8 pF), 250 V. After these tests, 
all samples were in full working order, i.e., they proved 
capable of making and breaking rated current at rated 
voltage, of carrying rated current indefinitely, and of 
tripping on a sustained 30° overload. 


Industrial Oxygen Analyser 


Many oxygen analysers exist which use the para- 
magnetic property of oxygen, but most of these rely on 
what is called magnetic wind, i.e., a convection current 
in the gas, which is then measured by its cooling effect 
on a temperature-sensitive element. These magnetic- 
wind instruments have the serious disadvantage of being 
inherently sensitive to changes of thermal conductivity, 
viscosity, and tilting, and to the presence of combustible 
components in the sample. Moreover, their response 
time is of the order of minutes, owing to the sluggish 
movement of the gas. 

These difficulties have now been overcome in the 
DCL-Servomex type-DCL.83 oxygen analyser, which, in 
addition, provides a much higher degree of accuracy by 
means of a special null-balance arrangement. In this 
connection, it should be mentioned that the use of a 
Suspended test-body to measure the magnetic suscepti- 
bility of gases is precisely the method used by Faraday, 
and one American instrument uses the same extremely 
delicate quartz suspension used by Faraday, in conjunc- 
tion with electrostatic feedback, whereas the DCL.83 
analyser employs a much more robust rare-metal 
Suspension carrying the feedback current, thus removing 


a very serious practical objection to this type of 


instrument. 

The new analyser utilizes the paramagnetism of oxygen 
and is therefore highly selective, the only other common 
JUNE, 
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gases which might affect the reading being nitric oxide 
and nitrogen peroxide. The test-body, made of silica, is 
surrounded by the sample gas and is suspended in a 
non-uniform magnetic field, experiencing a torque which 
is proportional to the partial pressure of the oxygen in 
the sample gas. This torque is counteracted by electro- 
magnetic feedback produced by current flowing through 
a coil mounted on the test-body. The null position of 
the test-body is detected by a light source and a split 
photocell, the output of which is fed to a balanced d.c. 
amplifier to produce the current feedback. Linear 
ranges from 0 to 1% up to 0 to 100% oxygen are available 
by means of switching from the single instrument. 





















The use of a null-balance technique has the advantage 
that it gives freedom from effects caused by voltage 
fluctuations and ageing of components. Furthermore, it 
provides damping and enables the suspension to be made 
much more robust than is possible with a purely deflec- 
tional instrument, making the instrument insensitive to 
heavy mechanical shock and vibration. Other advantages 
of the new analyser are that it does not respond to 
variations in the thermal conductivity or viscosity of the 
sample gas or to variations in its flow rate. In addition, 
the instrument has a rapid response, and a high order of 
sensitivity, accuracy, and linearity is achieved, while the 
sample gas is not exposed to hot wires or high voltages, 
so that there is no risk of igniting inflammable mixtures 
or of causing catalytic effects to arise. 


High-Intensity 
Electromagnetic Separators 


A new range of high-intensity electromagnetic 
separators, specially designed for extracting feebly 
magnetic materials from non-magnetic materials, such as 
silica sands, travelling on existing conveyors, has been 
introduced by Industrial Magnets Ltd., of Birmingham 
27. These separators are completely self-contained 
units, in sizes covering a range of conveyors from 12 to 
48 in. in width, and a special feature is their adaptability 
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A single strainer of the type we supply to the C.E.G.B. Richardsons Westgarth rotary strainers are made in 





handles five million gallons of water an hour—enough range of sizes from 160,000 g.p.h. to 5,000,000 g.p.h., the 
to maintain quite a spectacular waterfall. At Aberthaw are self cleaning, operate continuously, and the acct 
Power Station there are six such units with a total mulated sludge is blown out at intervals withou 
capacity of 30,000,000 g.p.h. straining the condenser interrupting the flow. 


cooling water. Please write for illustrated brochure. 


RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 
A member of the RICHARDSONS WESTGARTH GROUP 


HARTLEPOOL, CO. DURHAM AND AT 58 VICTORIA STREET, LONDON, &.W! 


59 MOSLEY STREET, MANCHESTER, 75 BUCHANAN STREET, ansscdtl 
RW*f 
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to incorporation into conveyor schemes, without 
requiring alteration to existing plant. Furthermore, a 
pumber of these units can be installed over the same 
conveyor, each unit having individual adjustment for the 
working gap, thereby enabling particles of different 
magnetic susceptibility to be extracted by each unit. 
Rheostatic control of magnetic intensity can also be 
arranged. 








The separator, which merely requires the use of 
fupporting stringers for installation, operates on the 
cross-belt principle, a robust framework carrying a 
high-permeability steel magnet unit with a_ totally 
enclosed high-conductivity copper magnetizing coil. 
The cross-belt, passing along the magnet poles immedi- 
ately over the main conveyor burden, searches out and 
extract all magnetic particles from the material being 
processed and provides for their automatic discharge. 
The unit is virtually maintenance-free and includes a 

¥ totally enclosed gear motor and chain drive. Belt 
ir teplacement is exceptionally easy. 


“| , 
i: Torque-Wrench Calibrator 
; 3 Capable of rapidly loading the actual “break-away” 
) Value of torque-wrenches of any design, a new torque- 
Wench calibrator developed by Steel City Testing 
} Machines, Inc., of Detroit, Michigan, uses a conventional 
proving ring as a load-measuring standard and, for most 
torque-wrench designs, operates automatically. 
When a wrench is inserted into the mechanism, and 
load links and an electronic digital counter are set for the 
ude in 
h., the! 
e acct 


vithou 


UTD, 


, 8.W1l. 
3GOW 
RW 
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correct range, the tang is rotated by a hydraulic piston and 
cylinder assembly. The digital-counter translates the 
linear displacement of the proving ring into torque values 
with a calibration accuracy of 0-4°% of full scale and, at 
the break-away point of the wrench, displays these values 
either in pound-inches or pound-feet. Torque-wrenches 
with capacities between 20 Ib-in. and 2000 lb-ft can be 
calibrated in four ranges, i.e., 20 to 1000 Ib-in., 1000 to 
5000 Ib-in., 1 to 500 lb-ft, and 500 to 2000 Ib-ft. An 
adjustable thrust-arm can be positioned for any normal 
length of torque-wrench, and four interchangeable socket 
inserts accommodate standard wrench tangs. 

Dial- or clock-type wrenches which do not “snap” 
at the set torque cannot be checked automatically with 
this equipment, but can be manually calibrated quickly 
and without loss of accuracy. 


Supersensitive Dial Indicators 


Available in four dial sizes, i.e., 14, 2, 3, and 4 in., 
and in all recognized graduations, the new “‘John Bull” 
supersensitive dial indicators announced by British 
Indicators (Sales) Ltd., of St. Albans, Herts., are stated 
to provide a degree of sensitivity and accuracy which 
is far greater than that possible with any other dial 
indicator so far produced. 








The case of the instrument is a casting of rigid section, 
with inserted hardened and ground stainless-steel stem 
bushes in which the super-finished rack spindle runs. 
The movement plates carry inserted interchangeable 
brass bearing bushes, and the pinions of the instrument 
are hardened and lapped throughout to provide a very 
high degree of sensitivity and accuracy. The rack return- 
spring lever is specially formed to provide constant 
tension throughout the travel of the indicator and is 
compensated against build-up of the return spring. This 
lever runs in a grooved guide-roller to minimize friction 
still further, whilst the gears themselves are of special 
instrument brass. The indicator hands (not shown in 
the illustration) is balanced to eliminate drag. 
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lows on Stand 28 


TRNATIONAL MACHINE TOOL EXHIBITION 1960 


0 THIS 


in 24 seconds 


Two }" dia. drilled holes 
| one 3” dia. drilled hole 
six holes tapped 

one }” reamed hole 

Two slots milled 


SOLE SELLING AGENTS: 





Manufactured by 
LHEAD ENGINEERING Co. Lta. Age de 


Thomas Ryder & Son Ltd. 
Turner Bridge Works, 
BOLTON, ENGLAND. 
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SPEED PRODUCTION AT 
INTERNATIONAL HARVESTER 


With hydraulic feed and sliding head, these 
are the machines to slash costs where multi- 
drilling on batch production is involved. At 
International Harvester Co. (Gt. Britain) Ltd., 
Doncaster, for instance, six 33 /64 in. and four 
13 /32 in. diameter holes are drilled in hubs for 
baling machines at the rate of fifty-five hubs per 
hour. 

























These machines can be supplied with circu- 
lar or rectangular heads, with up to twelve 
adjustable spindles with a capacity, according 
to size of machine, for drilling holes from # in. 
to 1 in. diameter. Machines with fewer 
spindles naturally have a greater capacity. 












Ask for complete details and production 
data on your own work. 










JAMES ARCHDALE & CO. LTi 


Registered Office 


LEDSAM ST. BIRMINGHAM, |4 
Telephone: EDGbaston 2276 } 
Works | 
BLACKPOLE WORKS : WORCESTER 
Telephone No. Worcester 27081 (6 Lines) 
{A Member of the Staveley Coalf& Iron Co. Ltd., Group} 


Sole Agents: ALFRED HERBERT LTD., COVENTRY 
Telephone No. 89221 ) 


} 
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When tapping is troublesome...! 


es. aw ¥ 7 


= Fei 


On manganese crankshafts or magnesium 
transmission cases, used singly or in multi 
set ups, EASICUT excel. 

When correct size threads in the shortest 
production times are the requirements, 
EASICUT taps usually provide the answer. 


ENGLISH STEEL Makers of high quality Engineers 


TOOL CORPORATION LTD Cutting Tools for over a century 


North Street Works - Openshaw - Manchester 


A WHOLLY OWNED SUBSIDIARY OF ENGLISH STEEL CORPORATION LTD., SHEFFIELD 
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HARD 
Anodising 
of 
Aluminium 





Thuis simple test on an aluminium piston treated with 
Alumilite HARD Anodis ng demonstrates the exceptional 
resistance to abrasion achieved by this unique process. 

Alumilite HARD Anodising opens up new fields for the 
use of aluminium where previously harder metals only could 
be used. For moving parts such as bearings, pistons, cams, 
bobbins, generator brush boxes, sliding door runners, arti- 
ficial knee-joints, etc., this process has proved entirely 
satisfactory. 

There may be many unsuspected applications where 
Alumilite HARD Anodising can save you machinery and 
material costs. Send us details of your production and we 


will gladly advise you. 


Technical Data Sheets available on request. 


ALUMILITE & ALZAK 


LIMITED 


PRIORY WORKS, DEPT. N, STATION RD., LONDON, S.W.19 
Telephone: LiBerty 7641 


MIDLANDS: 20/21 MERIDEN STREET, BIRMINGHAM, 5 
Telephone: MIDLAND 7426 
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he’s got 
his head 
screwed on 
the right 
way! 


When it’s a question of bols 
and nuts, the wise man will 
always choose Richards, 
In every capacity they hayg 
proved their indefatigable 
tenacity. Richards bolts an 


nuts, available as both black 








and bright, will stand up 
to any normal stress; where 
stresses are excessive, use 
the famous “Hi-Strain™ 
brand for the absolute 


maximum of safety. 








for any nutty problem 
call in 


RICHARDS 


manufacturers of nuts, bolts and 
fastenings for industry. 


CHARLES RICHARDS & SONS LTD. 
P.O. BOX No. 23 

DARLASTON - WEDNESBURY SOUTH STAFFS. 

‘Phone : James Bridge 3188 (8 lines) P.B.X. 

Wires : ‘Richards’ Darlaston. 
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-let E.P.E. solve them 
for you quickly 























where 


use In these days of AC it is not 
"bs always easy to get DC motors 


and generators quickly and at a 
| reasonable price. Fortunately, 
EPE specialise in DC equip- 
ment, bringing years of experi- 
ence to, bear on the subject, so 








, that one can always be sure of 
#4 DC motors and generators, of 
] any enclosure, at competitive 
i prices, on short delivery. EPE 
*" are always happy to help solve 
DC problems, too. 








ao ELECTRICAL POWER 
ENGINEERING CO. (B’ham) LTD. 

). Bromford Lane, Birmingham 8 

"Phone: STEchford 2261 

*"Grams: Torque 'Phone Birmingham 

5. oo London Office: 421, Grand Buildings, Trofalgaor 

: ‘ee Square, W.C.2. ‘Phone: WHitehall! 5643 and 7963 

’ 
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e availa 
We manufacture all types of multi-drilling equipment from a jany 
simple two-spindle adjustable model to a multi-head that will drill essure 

a large cylindrical block in one operation. SPK multi-heads are ved by 








built up from a range of standardized interchangeable spindle 
assemblies and housings, which have been developed as a result of 


1 
ONS 


ailable 
r spring 
KEGWORTH . Nr. DERBY paso 

Telephone: Kegworth 306 


many years’ practical experience, resulting in minimum cost and a 
proved performance. 


Could our equipment and experience assist your product? 


SLACK & PARR LIMITED 
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—thanks te GUNK/ Z. 








When machinery is idle it is costing you money—therefore it : 
is essential that the important job of cleaning and maintenance | eid 
should take the least possible time. That’s where GUNK comes to nental 
your assistance, for it provides the complete answer to the problem | = 
of oil and grease. All you do is brush it on and then rinse it off TENS 
with cold water, and all traces of oil and grease have instantly | Ib. te 
disappeared. It is clean to use and requires no preparation. 
And you can use it anywhere—all types of machinery, floors, TENS, 
walls, etc. inns 
angin; 
== <n give 20 


Sef {Wit Mm sal Si. | 

—==«' ee aa Supplied in 5, 10 and 40/45 

—~J)*) 7 - =F SH U() gallon drums. Send for free 
=e! (ly 


ll literc 


TEN 


MA 


sample and prove for yourself 
how effective Gunk is! 








Manufactured by 
BENNETT (HYDE) LTD., BOSTON MILLS, HYDE, CHES. TeL 
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ical improvements and developments in all 
rnches of engineering are made possible by 
» availability of a new constant-force element. 
lay design problems involving _ tension, 
kssure and motion can now effectively be 


ved by the application of 


TENSATOR 
ONSTANT-FORCE SPRINGS 


ailable as constant-force extension members 


rspring motors, Tensator Springs have already 





ken applied to the following: 


) 
MI-BACKLASH DEVICES, CABLE RE- 
IEVERS, CARRIAGE RETURNS, CHART 
ECORDERS, CHECK-WEIGHING APPARA- 
US, CINE CAMERAS, CLAMPS, CLOCKS, 
0MMUTATOR SPRING BRUSHES, CON- 
(T CLOSERS for Switchgear, COUNTER- 
\LANCES for Drawing Boards, Studio Lights, 
t, EXPANDED SCALES, MACHINE HEAD 
ALANCES, SASH WINDOWS, SLOT CLO- 
LRES, STAPLING MACHINES, TANK 
\UGES, X-RAY APPARATUS BALANCES. 





STANDARD PACKS 

| are available for familiarization and experi- 
one purposes, as follows 

TENSATOR SPRINGS, 7 sizes ranging from 
ilb. to 81 Ib. Price per set 40 /- 
TENSATOR ‘B’ MOTOR SPRINGS, 6 sizes 
ranging approx. } to 7} inch-lbs. of torque, to 
sive 20 revolutions. 


Price per set 60/- 


ll literature on request. Please apply: 


IENSATOR LIMITED 


M ACTON LANE, LONDON, N.W.10 
Telephone: Elgar 4512 
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A NEW SOLUTION 


io many Design problems 





Constant-force Spring doubles car- 
tridge length in this Stapling Machine 
by Lightning Fasteners Ltd. (subsid- 
iary of 1.C.1.). 


Constant-force Spring gives ideal 
commutation with longer brushes 
whilst saving radial space, at econo- 


mic cost, 





Constant-force Spring smoothly and 
exactly counterbalances Transport 
Windows by Beckett, Laycock & 
Watkinson Ltd. 





Constant-force Spring perfectly 
balances 75 lb. load through 
16 /t., with provision for vary- 
ing weight, in Studio Lighting 
Equipment by Mole-Richardson 
(England) Ltd 





Constant-force ‘B Motor 
Spring InCcTeAaSES number of un- 
winding turns by 24, and de- 


livers torque at constant rate 
without intercoil friction, in 
16mm. Ciné Camera by Rank 
Precision Industries (B.A.F.) 
Ltd 
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TURN these shapes with the 
CHATWIN 


polygon tool box 








This lathe attachment will turn hexagon, octagon, square or other 
shapes from round stock, drill and finish in ONE OPERATION. 


It will bore holes for perfect matching to most shapes and turn 
mating shapes for a curved triangular drive. 


Write for the new fully illustrated colour brochure. 


THOMAS CHATWIN & CO. 


Gt. Tindal Street, Birmingham 16. Tel. Edgbaston 3521 
Area Sales Offices in London, Bristol, Manchester and Newcastle upon Tyne. 
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BRONZE 
PIPELINE 
STRAINERS 


















Maximum screen area and 
streamlined body ensure 


maximum flow. 





CHARLES WINN & CO. LTD. 


GRANVILLE STREET - BIRMINGHAM y 


To learn more about them 


send for your copy of 


leaflet C.V.S. and price list. Telephone: MIDland 7151 (10 lines) Telegrams: Winn — — 
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Castings 
like this 


Eccentric as a gear often has to be, yet 
of engaging quality. It’s a casting with 
a fine finish. Ready for a hard, working 
life. Typical of Vickers’ high quality 
steel and iron castings in all grades of 
BSS §92, BSS 1456, BSS 1760 and BSS 14§2. 

A good industrial risk—as Insurance 








men would say. Proof of which is given 
by radiograph or other non-destructive 
examination if asked for. 

FOR YOUR NEXT PROJECT 

Talk over your requirements with 
Vickers at the planning stage. 


Vickers-Armstrongs (Engineers) Limited 


=i 
= 
| ! 
| 
- Castings by VFGEERS 
rp. 


1M { FORGE AND FOUNDRY DEPARTMENT ELSWICK WORKS NEWCASTLE UPON TYNE PHONE NEWCASTLE 33101 
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ENGINEERING 
ACHIEVEMENT 
ON MERSEYSIDE 


The Birkenhead entrance to the 
famous Mersey Tunnel is only 
a few yards from AABACAS... 
makers of world renowned 
All-British Cranes and Hoists 


A 





Send now for 


new Aabacas Catalogue to: 
TECHNICAL MANAGER 


AABACAS 


ENGINEERING CO., LTD. 

Head Office: BIRKENHEAD 

Telephone: BIRKENHEAD 4747/8/9 

London Office: St. Martin’s House, 29 Ludgate Hill, E.C.4 
Tel. City 7831/2 

Technical Representatives throughout Great Britain 








STAINLES SSTEEL ABRASIVE RESISTING 

HEAT RESISTING HEAT & ABRASIVE RESISTING 
CYANIDING POTS HIGH SPEED TOOL, DIE 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON, BRASS, GUN METAL also STAINLESS STEEL ROAD 


PHOSPHOR BRONZE, ALUMINIUM etc. LINES, STUDS & SIGNS 


WA ichy auove ste. 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


MH, felenson bse Tid 


Regd. Office and Works: 
BROADFIELD RD., SHEFFIELD 8. 
Telephones: 52431 /4 
Office and Works Entrance: 
AIZLEWOOD RD., SHEFFIELD 8. 


Foundry: Aizlewood Road, Sheffield 
Machine Shops: Broadfield Road, Sheffield 


London Office: Central House, 
Upper Woburn Place, W.C.1. 
(EUSton 4086) 


Glasgow Office: 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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LDC. reputation 


is built on a firm foundation 





Specialists in 
the Design and Construction of Motors 
to Customers’ Particular Requirements 





[LANCASHIRE DYNAMO & CRYPTO LTD 


(TRAFFORD PARK, MANCHESTER 17 - ACTON LANE, WILLESDEN, LONDON, N.W.10 





The Symbol of 
london & Export Office: ST. STEPHEN’S HOUSE, VICTORIA EMBANKMENT, WESTMINSTER, LONDON, §.W.1 Power and Service 
‘A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES for over 60 years 
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A UNIVERSAL A.C. VOLTAGE & CURRENT aeataicin, 
. . » With universal fixing centres 





For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 

* CORE: Wound froma continuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 

INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 

WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde 


resin type, giving good space factor, exceptionally high Write for list 615A 
abrasion resistance and prolonged heating resistance. »)) sine oj pega 
é Sos : : : details of this and ow 
FRAME: Of die cast aluminium, incorporating long spindle Ey models in the Rotary 
bearings and mounting feet to ensure accuracy and rigidity 
of the mechanism in relation to the fixing holes. 

: ‘ E BRITISH ELECTRIC RESISTANCE CO. LTD. 
BRUSHES: The brushes are of a special carbon for its — Sawn ve AE ep gg naa a LIB, 
contact resistance characteristics, shaped to_give minimum 


; . Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 
loss, maximum strength and longest life. Specialists in the control of current and voltage for more than 25 ye 








Regavolt range. 
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THE STANDARD PISTON RING & ENGINEERING CO., LTD., 
Premier Works . Don Road e Sheffield 9 . England 
Telephone: Sheffield 42076 (3 lines) Telegrams: Ocean, Sheffield 9. 


THE ENGINEERS’ DIGEST 











-4— The Holroyd “Top Hat’ 
holds the shaft steady 
while you stir things up 


Its full name is Agitator-type- W orm-Speed- 


Reducer-With-Extended-Top-Bearing and it is 
particularly useful in the chemical and 

allied industries for mixer and stirrer drives. 

The extension of the top bearing within the gear box 
gives the shaft extra rigidity for the mounting of 
propellers, mixing blades, or fans. The output shaft 
can be of any length and project either up or down. 


There is a special sealing arrangement on the 





underside of the box which prevents oil leakage 


when the shaft projects downwards. 


royd 











JOHN HOLROYD & CO. LTD. MILNROW LANCASHIRE 
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THE 
DAVID 

, HARCOURT 
VEREST UNIT PRESSURE GAUGE 


This patented unit is recommended for the more im- 
portant installations. It is available with four mount- 
ings as illustrated below with 4” and 6” diameter dials. 








Narrow flange, with rear clamp fixing, this model 
has a black, shock-resisting plastic case and is made 
with 4” and 6” dials, (large illustration) and (2). 
Flush fitting, with back connection (1). 

Surface mounting with bottom connection (3). 
Direct mounting, with bottom connection (4). 


8/99 


J 
David Marcourt Limited 


LINKULA WORKS, COVENTRY ROAD, BIRMINGHAM, 10 

















’ 
A Member of SMITHS Industrial Instrument Division 





COMPLETE 
RANGE OF 
BENCH, PILLAR, 
AND AUTOMATIC 
DRILLING 
MACHINES 


From 6 to 50 mm 
capacity. 

Multiple drilling heads 
with fixed, variable and 
in-line arrangement. 
SPECIAL MULTIPLE } 
DRILLING HEADS 

TO CUSTOMERS’  / 
DESIGNS. — 


Agents wanted for un- 
represented countries. 





Fabbrica Italiana Trapani 


IDEAL MILAN O-Italy 
Piazzale PASOLINI, n.2 - Telef. 69421 
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Reduce accidents caused by slipping or tripping. 
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Available in coloured P.V.C. Oil and water resisting. 


H. BRAMMER & CO. LTD. 


HtDSON ROAD LEEDS. 4, 
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CAPSTAN 


AUTOMATIC 





AND SPECIAL 
TURNED WORK 


ALSO_ 
FORGINGS 


AND 
PRESSINGS 


ARMSTRONG STEVENS 


‘ SON LTD. 
WHIT TALL STREET’ BIRMINGHAM : 4 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fluids that are water-repelient 
and retain good dielectric characteristics over a wide range of temperatures — that 
resist oxidation—have low volatility and show little change in viscosity with temperature 
-are ideally suitable for use in damping mechanisms—as heat transfer media—and for use 











ST 





n hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES. 


Remember — Midland Silicones Ltd. have consistently set the pace for British progress in this fast 
developing field. Remember, too, that — while silicones cost more initially, this extra outlay is more than 
offset in terms of greater efficiency and long term economy. 


(MS) MIDLAND SILICONES LTD 


( Associated with Albright & Wilson Ltd and Dow Corning Corporation 


first in British Silicones 
68 KNIGHTSBRIDGE - LONDON - SW1__ TEL: KNIGHTSBRIDGE 7801 


Area Sales Offices : Birmingham: Glasgow + Leeds » London» Manchester + Agents in many countries 


eeeeenrenerteensteenreenveteenreeeeeeees ee 


The full range of MS silicone fluids is NAME . 
described in detail in our new ‘Engineering COMPANY 54 
e 
Guide to MS SILICONE FLUIDS. Just ADDRESS a 
complete the coupon and we'll be glad to e 
e 


send you a copy. 
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{ P a i e 
as smooth as a A&— 


Gloucester Casting 


7 


The smoother and cleaner the casting the more accurately 
it fits into the machining jigs allowing saving of time 
during machining process. At Gloucester, Malleable iron 
castings are as clean as modern science and machines can 
make them. Superb core making equipment, careful 
analysis of sand at every stage of the core making and 
moulding processes, the use of special mould and core 
dressings, ensure clean castings, even as they leave the 
“knock out” bay for final fettling. The elevator type 
electric-furnace anneals in 48 hours instead of the usual 
7 days. It also allows greater control of the casting during 
annealing, resulting in uniformity of metal, greater strength, 
and — a smoother, finer skin. Gloucester can handle large 
runs of malleable iron castings for the automobile, railway, 
electrical and farming industries. 

Gloucester are always willing to visit customers and help in the 
design of castings to save time and cost in production. 

Right: 


Spring mounting 
bracket in 











Malleable Iron. Weight 28 lbs. 


A typical Gloucester Malleable specification. 

















Gloucester Gloucester Lamellar 
Blackheart Malleable Pearlitic Malleable 
Elongation oe 18% Elongatioa oe yA 
Yield Point .. I2 tons Yield Point .. 24tons 
Tensile Strength 25 tons psi Tensile Strength 35 tons psi 





GLOUCESTER 


Gloucester Foundry Ltd., Emlyn Works, Gloucester 
Telephone: Gloucester 23041 - Telegrams: ‘Pulleys’ Gloucester 
(A Subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd. 
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Malleable Iron 
Weight 83 lbs. 
Left: 
Vehicle pinion housing in 











| The Nitriding Prog 
for Case-hardenj 
Special Steels | 
Nitrogen offer; 


Surface hardness up to 1100 D.PH 


@ Retention of full hardness afte 
heating to 500° C. 


@ Maximum resistance to friction 
wear and fatigue. 





@ Improved resistance to corrosior 
by water and steam. 


Particulars from:— 


NITRALLOY LIMITED 


ATLAS WORKS SHEFFIELD 4 
Telephone: 26646 Sheffield. Telegrams: ‘‘Nitralloy,{Sheffield. 




















TO INDICATE CONTROL OR RECOR 
TEMPERATU 


For accuracy, ease of reading, robustness, economy and long, trouble 
life install Rototherm Thermometers, Controllers and Recorders. Spe 
in bi-metallic applications. Write for details. 





ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR {PRESS 
THE BRITISH ROTOTHERM CO. Ll 
Merton Abbey, London, S.W.19 LiBerty 7661 (6! 
Midland Factory : Hollis Street, New Basford Nottingham 
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FLEXIBLE 
SHAFT 
EQUIPMENT 


B. O. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone : 53333 (PBX) Telegrams : MORISFLEX, COVENTRY 


PRODUCT OF THE Mevrcafle* GROUP 
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The MIL FLOAT TRAP is a 
worthy companion to the MIL 
range of Thermostatic Steam 
Traps. It has been designed 
especially for use on those 
applications where a_ rapid 
heat transfer rate is essential 


For draining compressed air 
lines a specially adapted ver- 
sion of the MIL Float Trap is 
available. 


MIDLAND INDUSTRIES LTD. 


HEATH TOWN WORKS, 


Telephone: 23901 
London Office: 28 Victoria Street, $.W.1 
Glasgow Office: 69 St. Vincent Street, C.2 


WOLVERHAMPTON 





Controlled Atmosphere Furnaces for 
special heat treatment requirements 


For over 30 years Royce have specialised 
in controlled atmosphere furnaces— 
continuous or batch type—using hydrogen, 
cracked ammonia, nitrogen, argon, 
endothermic or exothermic gas. 

Royce service includes advice on, 

and the supply of 

atmosphere generating plant. 





An example of Royce designs are the hump-back conveyor 
furnaces above. Perfect gas balance under continuous operation 
is obtained with atmosphere consumption reduced to a third 
of a straight conveyor furnace. No burning off at doors is 
required. 


ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens and kilns for all industries 


ALBERT DRIVE, SHEERWATER, WOKING, SURREY 


192 





NRP/RF 322 


THE ENGINEERS’ 


soe | 
= 


ie 





DIGEST 





JU 





id 


ir 


LT) 


MPTON 


ms 








IS THE TIME TO PREPARE 
FOR THIS SUMMER 


HEENAN Water Covters 





F 322 


ST 





ELIMINATE SHORTAGES, 
LOSS OF PRESSURE, RATIONING 


1959 saw one of the greatest shortages of water that this country 
has ever experienced. It could happen in 1960—or any other year. 


Do not risk your output being hampered or your business shut down, through 
reduction of town-water pressure, or actual cutting-off of supplies. 


The Heenan Water Cooler uses the same cooling water over and over again. 
Be independent of the town’s water supply—INSTALL NOW. Apart from 
all these advantages 


THE HEENAN COOLER QUICKLY 
PAYS FOR ITSELF 


HEENAN & FROUDE LTD., ENGINEERS, WORCESTER 


C.62 
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ISOMANTLES 







SPECIAL 
PLANT 


In every field of industry, Isopad 
are solving new surface heating 
problems. We can design or adapt 
equipment to suit any special need 
whatever the shape or size, what- 
ever the difficulties. Frost protec- 
tion can be provided for the severest 
climatic or artificially created con- 
ditions. 

We are particularly proud of our 
successes in the atomic field, where 
we have to solve problems of a kind 
not met before. Our illustration 
shows an Isomantle used for tests 
at 800° F on the 32 sixty inch bore 
valves now being installed at 
Hunterston Nuclear Power Station. 
It is constructed in several sections, 
each being independently and 
accurately regulated by automatic 
temperature control. 

Please send for Catalogue—and if 
you have a heatirg problem, let us 
know. 





t 



















> == 
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ISOTAPES Electric Heating 
Tapes for straight or spiral 
tracing of pipe lines. 





ISOPAD LTD., Barnet By-Pass, Boreham Wood, Herts. Telephone: ELStree 2817 /9 









PODMORE BOWL FEEDERS 
--- REDUCE LAbOUR COSTEe! 


AND INCREASE PRODUCTION 


Time is money where such processes as the feeding 
of small components for packing, counting, 
inspection, sorting or further processing is 
concerned. It is of paramount importance in the 
modern works that these operations are AUTO- 
MATIC—and that’s where PODMORE BOWL 
FEEDERS come in. 

Our illustration shows a 12-inch bowl feeder, 
feeding and orientating small pressings to a fixed 
position from which they are transferred to the 
press die by means of a ‘* Mechanical Hand’’. 
By the use of Bowl Feeding, one operator can 
attend several presses. This is just one of the 
many special applications for which we are 
regularly building Bowl Feeders. 











Fully descriptive literature on application. 

















HANLEY - STOKE-ON-TRENT. Tel: Stoke-on-Trent 232574 
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(Because we like to thoroughly digest our customers’ problems !) 














We like to see a job well done. And we like to see our customers happy! 
Getting our teeth deeply embedded into our customer’s problems—no matter how specialized 
and individua!—is the backbone of the MVC service! 











RS Over 30 years’ experience and ‘‘know-how”’ has been built-in to our range of over 100 automatic 
control valves. People control water with them, gas with them, oil with them, steam with them 
e/ and a host of other industrial liquids and gases too. Mushrooms are grown with them, jam is 
~e made with them and ships’ cargoes are frozen with them! 
You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our full 
experience is at your disposal. Many times, what has first appeared to be impossible has been 
achieved. Why not write now fer our new comprehensive catalogue No. 24 which contains full 
details of our complete range! 
> og ny 
V C The Magnetic Valve Company Ltd 
32574 $ 7 KENDALL PLACE - BAKER STREET - LONDON W.1. HUNTER 1801 
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Taking the measure of HARDNESS 





The Vickers Portable 
Hardness Tester 


The Vickers Portable Hardness Tester incorporates 
all the well-known features of the Vickers Pyramid 
Hardness Testing machine. The standard Vickers 
Pyramid Diamond Indenter is used in conjunction 
with the Micrometer Ocular, so that all readings 
obtained are the internationally recognised VPN. 
Combined with this accuracy is a portability which 
enables it to be used over an exceptionally wide 
range of applications, and it is particularly useful 
for large and heavy components which cannot be 
tested by the standard Hardness Tester. 





The Vickers Pyramid Hardness Testing Machine— 


compact in size and comprehensive in service, it enables Taking the hardness of a large-diameter shaft 
immediate and precise testing to be carried out at the en a : 
place of production. Please send for a catalogue giving full details. 


The Vickers Portable Gear Hardness Tester— I | rr ke EE ER 
similar in principle to the general purpose Portable rt SN —) . S 
tester, but specially developed to measure the hardness 
on the pitch line of gears. VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 
13 City Road ~* London E.C.1. 
Tel: METropolitan 8877. Grams: Vicksbox, Ave., Londor 
TGA. CHE 


CORRECT HARDENING PROCESS! 


As quenching oil is used over a period of 
time, scale and fine metal oxide accumulates 
in the oil and carbon contamination arises 
from the contact with hot metal. The 
deteriorisation products give rise to gummy) 
substances which ultimately affect the | 
viscosity of the oil thus interfering with the ! 
rate of cooling and affecting the efficiency 

of the hardening process. Menrow Limited 
have developed equipment dealing with the | 
deterioration of quenching oil, each plant 
being produced to suit the conditions 
prevailing. In addition, Menrow Limited 
manufacture a range of equipment for filters 
cleaning fluids or cutting oils used in the 
processing and machining of metal products 


MENROW 


MENROW LIMITED, | 
FILTRATION DIVISION, 
|, SEKFORDE STREET, LONDON, E.C.I. 
‘hone: Clerkenwell 8911 


















FILTRATION 





MENRO 
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CYCLONE 


EXTRA 
(X) 
18°, Tungsten SUPER 

aamemey §=6CYCLONE 











(SC) 
DG 22°/, Tungsten 
CYCLONE 12°/, Cobalt 
(DGC) 
SUPER 18°,, Tungsten 
6°;, Cobalt 


TYR 


(STYR) 
22°, Tungsten 
22-4-1 











VAP 


for all 
= 8 cutting tool 
wre AW.4V \ applications 


14°, Tungsten 


4°, Vanadium fa deme) | 
sata Y3 


(4 TD) 
5°, Molybdenum 


Tatrcume CYCLONE 
ween SUPERCUT 














5-6-2 
produce these steels under (WVCo) 
strict metallurgical control CYCLONE 12°, Tungsten 
from electric melting to 5°, Vanadium 
final warehousing, in their MC . 6V 5° Cobalt 
Tool Steel plant at (MC . 6V) wi 


Openshaw. 





5°, Molybdenum 


ENGLISH STEEL 7°, Tungsten 


3°,, Vanadium 
ROLLING MILLS CORPORATION LIMITED 6°. Cobalt 
0) 


Openshaw - Manchester 


TOOL STEEL MANUFACTURERS FOR THE VICKERS GROUP OF COMPANIES 





London Stockist:—Thos. P. Headland Ltd., Birmingham Stockist:—Monks & Crane Ltd., 
10 Melon Road, S.E.15 Garretts Green Lane, 
Phone: New Cross 4300 Birmingham, 33 


Phone: Stetchford 4051 
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TEST PUMPS? 





Immediate detivery avail- 
able from a wide range of 
sizes and types for all 
industrial purposes from 
300 p.s.i. to 45,000 p.s.i. 





Ihustrated: Hand-operated 
concentric ram test pump, 
with 2 in. ram for rapid 
filling of vessel to be tested 
and % in. ram for obtaining 
the pressure. Suitable for 
pressures up to 1,500 p.s.i. 












: SIR W. H. BAILEY & CO. LTD 
eee =PATRICROFT - MANCHESTER 





Phone: ECCLES 3487-8.9 
Grams: BEACON TELEX ECCLES 











LONDON OFFICE: Selinas Lane, Dagenham, Essex. 
REDUCING VALVES 





TEST PUMPS 





SLUICE VALVES 


Tel. Dominion 2277 
TURNSTILES 





High Quality 
A fj: Cuework 


We manufacture a wide range 
of High Quality Wirework with 
many industrial applications— 
Your Enquiries are Welcomed. 





BROADBENT& CO. (rocupaze) LTD 
Ghove Snring Workd. LINCOLN STREET 
ROCHDALE Lancs. Phone :-Rochdale 4628-9 


























THORP EQUIPMENT FOR THE 





















GAS FLOW 
INDICATORS 


Direct Reading, variable aperture 
type, from 0 to 150 Ib./sq. inch. 


For all types of gases; can be calibrated 
to customers’ requirements. Brass 
body, stoved black crinkle finish. 

Cast Iron Body for Corrosive Gases. 


Scale Plate in black crinkle, chrome 
or polished brass. 


All Unions, etc., chrome plated. 
Stainless Steel Float, in clear glass tube. 


Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
(6) Maximum and Minimum 
Rates of Flow. 


THOMAS THORP &-COLID 
hh zt Le Z. D. M. MIDE. SCL 


/WA WHITE 
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He reads it easily 


A clear record of the last two shi/ts— 
and the pen already beginning its course 
on the next chart. In his hand he has the 
past: on the pane! is the present. 


Arkon Recorders measure gas and air 
flow pressure or vacuum, or pressure 
and vacuum: flows in one inch pipe or 
36 inch mains, pressure or vacuum 
from 0.1 inches water gauge to 50 Ib. per 
square inch. They give a clear, unmistak- 


able record which you can read like a 
book, without hesitation and without 
mistakes. You can leave the chart on 
for a few hours a day, or a week—the, 
record will always be there. Easily read, 
easy to look after, robust enough to 
stand on the job. Arkon Instruments 
can help the control of any process—and 
their accuracy will satisfy even the men 
in the lab. 


More about them in pamphlet AB /24 


CROSWELLER & CO. 


L7®., 


Telephone:CHELTENHAM 56317 
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CHELTENHAM 
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EPINAMEL 

ANTI-CORROSION 
COATINGS 


The solution to your 
corrosion problems 


SEND FOR THIS BOOKLET 
Everything you need to know 

about the amazing new ‘‘Epinamel’’ A.C. 
Protective Coatings is here. 

This publication explains why ‘‘Epinamel’’ 
has revolutionised methods of 

protecting metalwork from all kinds 

of corrosive influences. 

It is not just a brochure, but a reference 
work of lasting usefulness and interest. 


How many copies would you like ? 


Bordesley Green Rd., Birmingham, 9. Tel. Vic. 2) 





* DRAFTING MACHINES 
& DRAWING TABLES 


Isis Drafting Machines are 
now fitted with improved 
Protractor Heads. The 
special features are fully 
explained in our ISIS folder 
which will be gladly sent on 
request. The ISIS Drawing 
Tables are in complete 
balance at any height or 
inclination of the board. 


We are distibutors of ARISTO 


slide rules of precision 


RIEFLER 


Drawing Instruments of quality 


DRAWING OFFICE SUPPLIES AND EQUIPMENT 


36 & 41 QUEENS ROAD, COVENTRY 
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Illustration shows ISIS drawing table fitted 
with ISIS drafting machine 


Telegrams: 
‘ISIS’ COVENTRY 
Telephone: 
Coventry 26941/2 











| THE AUTOMATIC 
| CHOICE FOR 
ACCURACY 
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With the modern anal 


looks for the most exacting 
standards, one name springs 
Write to Rotherhams mind when time delay mech 
about all your needs isms are being considered. 





in Industrial Clocks, knows that Rotherham’s un 
Pressure Gauge rivalled experience over “ 
Movements, Time longest period of specializ@ 

Lags and all small is a positive assurance ™ 

parts for Engineering. finest quality. Its corn 
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ROTHERHAM & SONS LIMITED COVENT? ine, 5. 
Telephone : 64154 4 
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Solving corrosion 
and de-scaling problems 
in sea-water evaporators 


NICKEL-COPPER ALLOY 


al, 
. 


“ 





Scale formation on the heating surfaces of marine evaporators hinders heat transfer 
and quickly reduces efficiency. Today, increasing interest is being shown in the 
de-scaling method known as ‘shocking’. By using heating elements which have a 
degree of flexibility, scale formation can be cracked off periodically by making small 
pressure changes in the system. A highly successful element of this type is the 
‘Vaflex’, designed and built by Caird & Rayner Ltd. It is fabricated entirely of thin 
sheets of corrosion-resistant Monel nickel-copper alloy and welded by argon-arc 
using Monel ‘60’ wire. 

The all-Monel evaporator element, which utilizes steam at low pressures, is mounted 
in an evaporator shell with tubes disposed vertically. Good steam-flow conditions 
are obtained and the use of Monel safeguards against the severely corrosive condi- 
tions. Steam circulates around the outside of the tubes while the boiling brine 
passes up inside them at considerable velocity. 
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=SEND THIS GOUPO Ne cues ce es ee ee a = ee 


for a copy of ‘WIGGIN NICKEL ALLOYS’ No. §4. 
Each issue of this technical journal includes articles 
describing the use of Wiggin high-nickel alloys in 
solving industrial problems. 











at high temperatures, and ease of fabrication, make 
Monel alloy an excellent material for sea-water 
evaporator elements. 

The ‘Vaflex’ marine evaporator element is fabri- 
cated entirely of thin-gauge corrosion-resistant 
Monel nickel-copper alloy. It is designed to flex 


NAMI 


APPOINTMENT OR DEPARTMENT 


Its corrosion-resistance, good mechanical properties | 


COMPANY AND ADDRESS 





when subjected to small changes in pressure. Tubes | 








are shown before and after insertion for tack weld- 
ing, before final finish—zelding by argon-arc process. ,ED, C21/6 
*TRADE MARK Te sasecsinniaiemienenitenenimceeanenennnaia aad 
wR HENRY WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM 16 
TGA C2IA 
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PRESSINGS 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 

brazing. WA 7 D 
Illustrated here are some examples of 

our products, and similar components Carter ies) )LTD. 


can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. DARL AST O N - ST A 
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HERMETIC pypeer co LT 


° . iit Telephone: East 3638/9 
“Hermetic” Works, Priory Rd., Birmingham 6 — Grams: Hermetic, Birmingham 


TL 


Eee. 1095 
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Foremost in advanced Welding techniques 


| specialists in complete design and 
manufacture of all types of stand- 
ard and special purpose resistance 
welding equipment from 1 kVA to 
1500 kVA or greater, and including 
S. fully automatic conveyor and hop- 
per fed lines for high speed pro- 
duction requirements in the auto- _ 
mobile, aircraft, steel drum, and Dp. 
wire industries, and all branches of “—""*""F 
engineering. 
Also 

Designers and Manufacturers of: 
Special Purpose Jigs and Fixtures: 

Press Tools and Dies: 
= Electronic Controls: 

Tube Mills and Cycle Rim: 

3 Forming and Welding Equipment. 





Apply for full Specifications and Literature 
E.D. 


y to: a 


WELDER & MACHINE Co. = 


Illustration of fully automatic conveyorised door line supplied to leading British 
Automobile manufacturer. Production rate— two completed doors per minute 
including all welding and clinching operations. 
























> § [CASTLE MILL WORKS - DUDLEY - WORCESTERSHIRE - ENGLAND 








with the 
amazing 


REDUCES 
The peak amperage during 
Starting 

ELIMINATES 


Starting shock and snatch 


PREVENTS 
Overloading electric motors and 
burning them out 
Breakage of fragile materials 
























by due to sudden starting shock. 
1 Damage due to overload. D Re iJ LU | 
ved INCREASES 
& The life of belt and gearing 
4 PERMITS CENTRIFUGAL 
a Inching and rapid reversal. 
ie SAVES 
: ‘* The cost of high starting 
- torque motors. 
108 RELIEVES 


The motor of load. 








= 










For technical information POWDER COUPLINGS LTD., 





/9 A Member of the Specialloid Group of C 
ningham and assistance write to... 20 SAREE SCGutt STREET. Leeos, 10 
ae | Telephone LEEDS 20936 & 31471/7 
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... the answer has already started here 


The source of all significant V-drive developments 





We have made our own V-Belts since 1936, and our own pulleys 
since 1938. We have full control of and responsibility for 

the constant improvements put into both. Our Engineering 
Laboratory began its night and day work in 1951 testing, 
proving, discarding, discovering. Higher horsepower ratings 
came to Fenner V-Belt users from it in 1955 and 

Premium V-Belts using Terylene two years later. This 

significant leadership will soon be reflected in the 

British Standard horsepower ratings. 


Fenner drive starts with the Managing Director ; 
dynamic, questing, never satisfied, looking to the next 
nine years, and not at the last ninety-nine. 

The reason why Fenner makes better products for 


ee eee J. H. FENNER & CO. LTD - MARFLEET - HULL 


BRANCHES AT: BELFAST, BIRMINGHAM, BRADFORD, BRISTOL 
BURNLEY, CARDIFF, GLASGOW, HULL, LEEDS LEICESTER LIVERPOOL, 
LONDON, LUTON, MIDDLESBROUGH, MANCHESTER, NEWCASTLE 
NOTTINGHAM, SHEFFIELD, STOKE-ON-TRENT 





LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 
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Make an instrumental note . 


that if you have anything to analyse, to measure, 


inspect, or survey, the people to help you are Hilger & Watts. 
Autocollimators, Block Levels and Clinometers, Circular 
Division and Angle Measuring Instruments, Dividing Engines, 
Linear Measuring Machines, Microscopes, Gauge Interferometers, 
Optical Flats, Angle Gauges, Polygons, Etc., Scales and Circles, 


Projectors, Analytical Instruments, Surve ying Instruments. 


perman 

HILGER AND WATTS LTD - 98 ST PANCRAS WAY - LONDON - NW1 “eo 

id Co, 

HILGER & WATTS LTD., DORTMUNDE HURDE, GERMANY 
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AEI Heating & Welding Department 
Transformer Division 
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New ‘Standard’ Screens 
give 


2-way protection 


Fortox Standard Screens provide an easy 
and cheap way to reduce wear on the 
slides of machine tools. They exclude 

dirt and swarf and preserve lubricated 
surfaces thus cutting down wear, reducing 
maintenance and lengthening the life of 

a machine. Manufactured from very heavy 
neoprene coated nylon fabric, Fortox 
Standard Screens are completely flexible 
and tools and work pieces may be rested 














wT) 
on them without fear of damage. They ~ 7 
are available in a number of stock sizes tas 


and ordering is made simple from our 
illustrated sizing and price charts, 
sent on application. 

We manufacture Flexible Covers designed 
specifically to fit any part of a machine requiring 
protection. Single items can be made without 
tool charge. Write for our technical book 
“The Design and Use of Corrugated Covers.'’ Ask also about 
Fortox Leather Seals and Packings made to requirements. 















HENRY BEAKBANE (FORTOX) LIMITED 


FORTOX WL ixe):eued.¢ eget STOURPORT-ON-SEVERN, WORCS, 


seals and Tel. Stourport 2017. Grams: Beakbane, Stourport. 


packings ij flexible covers London Office : 


28-30 LITTLE RUSSELL STREET, LONDON, W.C.1 
Tel. Holborn 7295. Grams: Beakbane, Westcent, Londgn, 











Capstan and Automatic 
Work and Sheet Metal 
Pressings in Any Metal, 


Any Finish, Any Quantity 


GRIFFITHS. GILBART, LLOYD. 


AND COMPANY LIMITEO 


EMPIRE WORKS. 
PARK ROAD. 
BIRMINGHAM.18 


TELEPHONE NORCthern 6221 





Air Hammers 
Arbor Presses 
Automatics 
Balancers 
Bar Autos 
Belt Grinders 
Bench Millers 
Boring Machines 
Broaches 
Broaching Fixtures 
Broaching Machines 
Camshaft Grinders 
Centre Drills 


Centre Lathes 
Centreless Grinders 


Centres 
Chucks 
Chucking Machines 
Copy Grinders 
Copy Mills 


Copy Lathes 
Cutters 
Cylindrical Grinders 
Diamond Lathes 
Dies 
Dieheads 
Die Sinkers 


Drill Chucks 
Drill Pointers 
Drilling Machines 
Drills 
Driving Centres 
Engineers’ Tools 


Engraving Machines 
Forging Hammers 
Form Generators 
Form Tools 
Gear Cutters 
Gear Grinders 
Gear Testers 
Grinder« 


Hammers 
Honing Machines 
Horizontal Borers 
Horizontal Grinders 

Internal Grinders 
Fig Grinders 
Keyseaters 
Lathes 
Limit Switches 
Machine Accessories 
Milling Cutters 


Continental & American 
| machines 


502) 


| broaches 
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Milling Machines 
Multi-spindle Autos 
Multi- Tool Lathes 
Oil and Suds Pumps 
Pantograph Millers 
Pipe Benders 
Plate Shears 
Presses 
Profile Millers 
Pumps 
Quick Change Chucks 
Radial Drills 
Reamers 
Rolling Machines 
Rotary Grinders 





B.S.A. small tools 
limit switches 










Tool Grinders 
Tool Heads 
Turret Lathes 
Twist Drills 
Universal Tool Heads 
Vertical Borers 
Vertical Grinders 





Screw Shank Tools 
Screwing Tackle 
Shapers 
Shearing Machines 
Single-spindle Autos 
Small Tools 
Spark Machines 
Steam Hammers 
Superfine Lathes 
Superfinishers 


Vices 
Surface Grinders 
Tapping Chucks 

Tapping Machines 
Taps 
Testing Machines 
Thread Generators 
Thread Millers 
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